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SYSTEM DESCRIPTION
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1.0 SYSTEM DESCRIPTION .

1.1 INTRODUCTION

! The ETI fiber optic data link is designed to transmit up to 92
i channels of digitized analog data over a single optical fiber up to lengths
of 1 kilometer or more., A complete list of system specifications can

be found in Section 2.0. The data link is housed in two separate

chassis, labeled transmitter and receiver. The functions performed by

the transmitter are:

1) Digitizing of analog data

2) Multiplexing of data into a 12 Mbps Biphase-L bit stream

3) Modulating an LED or laser light source with the

digital bit stream

4) Transmitting the light over a fiber optic cable.

The receiver performs the following tasks:

1) Detecting the modulated light beam and retrieving the

12 Mbps bit stream

2) Demultiplexing the bit stream into the original data

channels

3) Converting the digital signals back to analog data.

Outputs are provided on the receiver which allow access to the
digitized data. The data are provided on four output lines, each

having a 3 Mbps NRZ-L serial bit stream. A 3 MHZ clock signal is simultane-
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ously provided for external coding.
An optional computer interface card is described in Section 4.0.

1.2 SYSTEM COMPONENTS

In addition to power supply and line driver support circuits, the

data link is composed of six basic components:

1) Coder

2) Multiplexer

3) Fiber Optic Transmitter
4) Fiber Optic Receiver

5) Demultiplexer

6) Decoder

Each of these components will be described below.

1.2.1 Coder. There are 24 coder boards which are sectioned into four
groups in the transmitter chassis. These boards are interchangeable and
are positioned in the 24 chassis slots labeled 1A through 4F. Each board
houses the circuitry for the analog conversion of four channels. The
input circuitry includes a voltage limiter for protection and a passive
filter for removing aliasing signals. Refer to Section 1.5 for a
discussion on input filtering. The analog to digital conversion is per-
formed by a coder microcircuit (DF331) which has a companding transfer
function that results in a 12 bit resolution at small signals with an
eight bit word. The conversion process generates a 3 Mbps cight-bit
serial data word which includes a sign bit. All digital data are gated
onto one of four data lines by appropriate sync timing pulses. The
maximum sampling rate for the codec chips is 16 KHz. This would

limit the maximum system bandwidth to about 5 KHz, but higher band-

widths (up to 20 KFz) are achieved by paralleling codec chips. This

€,
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results in a reduction of total available channels, Refer to Section

3.4 for a detailed explanation of system bandwidth,

; 1.,2,2 Multiplexer, There is one multiplexer board which accepts the
1 four 3 Mbps serial bit streams from the 24 coder boards and further
1 maultiplexes them into one 12 Mbps serial bit stream, The bit stream
1 (N2Z-L format) is then combined with a 12 MHz clock to produce a
Manchester (Bi~phase L) encoded signal. The system clock is located
3 on this board and generates all sync pulses which are used for that
part of the multiplexing which is handled on the coder boards. Frame

sync is accomplished by a period of omission of the 12 Mz clock in

the Manchester encoded signal.

1,2,3 Fiber optic transmitter. The transmission of the encoded data

is accomplished by modulating the current through a Spectronics light
emitting diode (LED), using a Fibercom fiber optic emitter driver.
Optionally two fiber optic transmitters can be located in the transmitter

chassis which are operated in parallel; that is, both can transmit

simultaneously. However, since the two receivers cannot be operated
at the same time, the second transmitter and receiver are used as a
backup, Refer to the data sheets in Section 6.0 for more detailed

information on the transmitters. Other fiber optic transmitters can be

installed depending upon laser requirements.

1.2.4 Fiber optic receiver. The fiber optic receiver consists of a

silicon PIN photodiode, amplifier, and buffer output. The current
output of the photodiode is converted into a voltage and amplified,

The amplified voltage is then buffered to produce the 12 Mbps bit
stream at TTL signal levels, Opitonally two fiber optic receivers

can be located in the receiver chassis. lowever, they cannot be oper-
ated simultaneously and can be switch selectable, PRefer to Section 6.0
for more details on the fiber optic receivers., Different fiber optic

receivers can be in: talled for varied requirements.

? e
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1.2.5 Demultiplexer. The demultiplexer board is located in the receiv-
er chassis and performs the function of decoding the Manchester encod-

ed signal into NRZ-L formatted data and the 12 MHz clock. The clock

is then used to demultiplex the 12 Mbps signal into four 3 Mbps data

lines which are fed to appropriate decoder boards. In addition these four
lines are brought out to the receiver back panel for external access.

The absence of the 12 MHz clock during each frame is detected to provide
a frame sync pulse which is used along with the clock to generate indiv-

idual sync pulses used by the decoder boards.

1.2.6 Decoder. There are 24 decoder boards located in the receciver
chassis and, like the coder boards, are sectioned into four groups.
These boards are interchangeable and are positioned in the 24 chassis
slots labeled 1A through 4F. Each group receives one of the 3 Mbps
signal lines generated by the demultiplexer board. Each of the boards
contains circuitry for four individual channels. The conversion from
digital to analog data for each channel is performed by a codec chip
(DF334) and occurs during the time determined by the sync pulse for
that channel. The analog output is buffered through an operational
amplifer. The minimum conversion time which must be allowed for the
codec chips is 15 psec which limits the maximum bandwidth of the
system to 20 KHz (64 KHz sampling rate). Refer to Section 3.4 for more

information on system bandwidth.

1.3 CHANNEL NOMENCLATURE

The analog channels are divided into four groups and numbered one
through four. Since there are a maximum of 92 channels available, there
are a maximum of 23 channels per group. Each group has six coder and
decoder boards devoted to it and are labeled A through F in each group.
Fach circuit board contains four codec chips (DF331l's for the coder

boards and DF334's for the decoder boards). The codec chips on each

&
board are labeled Ul through U4. Each channel is represented by the




three symbol code:

GROUP-BOARD-CHIP.

For example, channel 2B4 corresponds to group 2, board B and chip
U4, The analog input and output BNC connectors on the back panels of

the transmitter and receiver are labeled with this representation,

1.4 DATA FORMAT

For purposes of multiplexing the data, the frame time, which is
[ixed at 62.5 usec,is subdivided into 24 equal time slots. This cor-
responds to the time between consecutive data samples of one 5 KHz
channel®. Twenty-three of the time slots are used for converting
analog to digital data and vice versa, while the 24th is reserved for
signaling the end of the frame. To accomplisih the A/D conversion of
all 92 channels, four channels are converted simultaneously, one from
each group. For example, channels 1Cl, 2C1, 3Cl and 4Cl1 are converted
simultaneously. That is, channels whose code representation differs
by only the group number are converted during the same time slot.
Each conversion results in a 3 Mbps eight-bit serial data word with

the format shown in Figure 1. Bit one appears first in the code.

It should be noted that the Siliconix code chips include a zero
code suppression in the A/D conversion Lo prevent transmission of an
all zeros digital output code. A detailed discussion of the digital
codes is given in Reference 5.a. Due to the companding nature of the
codec chips, the step size of the A/D and D/A conversion depends on
the analog voltage. Table 1 shows the corresponding step size versus

analog voltage for both the coder (DF331) and the decoder (DF334).

The frame time and sampling time are synonomous for 5 KHz operation.
However, for higher bandwidths where a channel is sampled more than once
during the {rame, these tiems are different.
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L BIT 1 BIT 8
‘ SIGN

. BIT MSB LSB

M

-

f l Figure 1. A/D Output Format

All the A/D output lines for a particular group are gated onto a
} common bus line during their respective time slots. The format for

these four data lines is shown in Figure 2.

The four group data lines are further multiplexed onto one common
line by means of a shift register. One bit of the eight-bit data word
from each of the four group data lines is sumultaneously loaded into the
shift register. These four bits are then clocked out serially at 12 J
MHz, which is four times the rate at which the bits are locaded into
. the register. They are clocked out in the order of group one through

four. Figure 2 demonstrates this multiplexing scheme for one data frame.

1.5 INPUT/OUTPUT FILTERING

1.5.1 Input filtering. Each coder board is equipped with input passive 2

filters to attenuate unwanted aliasing signals. There is a separate

filter for each of the three bandwidth ranges. Selection of the ap-

propriate filter is provided by the bandwidth selection switch discussed
in Section 3.4. The frequency response (or gain accuracy versus
frequency) of the system is strongly affected by these filters. Refer

to Section 2.0 on System Specifications for this unit. More sophisticated

filters can be used to achieve an arbitrarily flat response up to one
half the sampling frequency. A discussion on input filtering by

1 Siliconix is provided in Reference 5.d. M

It should be noted that the input filters can be removed and re- i
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placed by jumpers. This will eliminate pulse overshoot and provide a
flatter frequency response, but only at the expense of removing the

aliasing protection.

1.5.2 OQutput filtering. The analog output is filtered through a

passive RC network. The response of the system at frequencies near half
the sampling frequency can be improved by including a sinX/X output
filter. This type of filter can be implemented as either hardware or
software additions. Refer to the discussion on signal filtering by

Siliconix in Reference 5.d.
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2.0 SYSTEM SPECIFICATIONS

i GENERAL

- .

Number of “hannels
Sampling Rate

Tradeoff of Channels
versus Sampling Rate

Bandwidth

Resolution

Data Transmission Rate

Fiber Type

Electrical to Optical
Transducer

Optical to Electrical
Transducer

Coding

ELECTRICAL

Power

Digital Levels

Connectors

Input Impedance, Analog
Input Impedance, Digital
Output Impedance, Analog
Qutput Impedance, Digital
Sampling Rate - fo

92 to 20
16 KHz to 64 KHz

4 channels at a time can be switched
together to give 2 channels at
32 KHz or 1 channel at 64 KHz

D.C. to 0.3 times the sampling rate
for 6 dB attenuation

8 bit companding analog to digital
(0.025% resolution near zero)

12.28 Mbps decodable to 4 each
3.07 Mbps

Graded index

Light emitting diode (LED)
PIN diode

Manchester (Biphase-L): 12.28 Mbps
NRZ-L: 3.07 Mpbs

105 to 125 VAC, 60 Hz,
1.1 amp transmitter
1.0 amp receiver

TTL

BNC

10K ohms

50 ohms

300 ohms

50 ohms

16 KHz, 32 KHz or 64 KHz

14
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4
; ELECTRICAL (Continued)
*
Frequency Response
1 ; (D.C. to 0.3 fo) +0, -6db Compensation can be
' ‘ (D.C. to 0.1 fo) +0, -10% employed to improve
! (D.C. to 0.03 fo) +0, -2 these specifications,
[ Resolution 8 bit digital, p255 law companding(l)
Small Signals +0.025% of full scale or + 0.74 mVolt
‘ Large Signals +1.67% of full scale or +47 mVolt
3
L Signals from 1% of Full <+5% of signal
Scale, to Full Scale
*
Noise (D.C. to 0.3 f) (Quantizing Noise) + (<0.5 mV RMS)
*
{ Noise (D.C. to 1MHz) (Quantizing Noise) + (<5 mV RMS)
Linearity Less than +1 quantizing step size
E - Zero Accuracy 0+ 5mV
f i Voltage Gain 1 + 1% plus quantizing noise
]
: +2.
i Maximum Signal Voltage _§ g volts
I Input Signal Limiter + 6 volts
*
Pulse Response Ringing <+10% at 0.3 f
Damping time constant <100 usec
Overload Recovery To 1% of full scale within 10 usec :
after a 100 volt, 10 usec overload }
*#Antialiasing Filter >18 db attenuation at fo/2 A

*
4 These specifications can be improved or modified with different input i
i and/or output filters.

(1)

Siliconix Telecommunication Data Book, November 1979, Section 6.0,
Reference 5.a.

15
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OPTICAL

Connectors Amphenol 906

Fiber Type Recommended Siecor 122
63 um core diameter
0.21 numerical aperture
6 db/km attenuation
Gain Margin; Typical
(Depends on the 15 db (compared to a 10m link)
transmitter and receiver
installed and on other
factors)

19 inch rack width

11.25 4nch height

23 inch depth overall, Transmitter

18.5 inch depth overall, Receiver

21.5 inch depth behind rack mount. Transmitter
17 inch depth behind rack mount, Receiver

60 pounds weight, Transmitter

55 pounds weight, Receiver
ENVIRONMENTAL

Transmitter, 0 to 55°C
Receiver, 15 to 30°C

16
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3.0 SYSTEM OPERATION

3.1 EXTERNAL CONNECTIONS - TRANSMITTER

All external connections to the transmitter chassis are located
on the back panel. Refer to Section 7.2 for a view of the transmitter

back panel.

3.1.1 Analog. There are 92 BNC connectors available for analog input
data. The analog channels are labeled with three symbols: number-
letter-number. A detailed explanation of channel labeling can be found

in Section 1.3. The input signal levels are +3 volts.
3.1.2 Digital. There are two BNC connectors which involve digital data:

MUX OUT - This TTL level output signal is the 12 Mbps
time division multiplexed data containing all
92 channels of data. This signal is buffered
through a 50-ohm coaxial cable driver. Any
external connection to this output must provide
a 50-ohm terminator. In normal operation this

output is jumpered to the F/0 XMIT IN connector.

F/O XMIT IN - This signal line accepts TTL level input sig-
nals which are simultaneously fed to both fiber
optic transmitters. The input is terminated
with 50 ohms. In normal operation this con-

nector is jumpered to the MUX OUT connector.

3.1.3 Fiber optic. There are one or optionally two fiber optic output
connectors., The connectors are Amphenol Model 906. One end of the fiber
optic cable is connected to one of these outputs. See System specifica-

tions for recommended fiber optic cable.

18
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CAUTION: INTERNAL DAMAGE MAY RESULT IF THE FOLLOWING
INSTRUCTIONS ARE NOT FOLLOWED:

Red Connector: NO FERRULE
Green Connector: FERRULE REQUIRED.

BTt i

A ferrule, furnished with the amphenol 906 connector, is required
3 by certain connectors for proper alignment of the optical fiber; however,
i the presence of a ferrule where it is not needed may cause severe damage

to the optical components behind the connector. L

3.2 RECEIVER

All external connections to the receiver chassis are located on

the back panel. Refer to Section 7.4 for a view of the receiver back

{ panel.

£ 3.2.1 Analog. There are 92 BNC connectors available for analog output

data. The analog output channels are labcled with three symbols:

R P S

number-letter-number. A detailed explanation of channel labeling can

be found in Section 1.3. The output signal levels are +3 volts.

3.2.2 Digital. There are a total of seven digital connections on the

receiver. These signals are listed below:

1. F/O RECEIVE OUT - This signal is the TTL level output of
the fiber optic receiver and has been buffered through a
50-ohm coaxial cable driver. Any external connection to

this output must provide a 50-ohm terminator. It is the

12 Mbps multiplexed signal which contains data from all
the operational channels. In normal operation, this
output is jumpered to the MUX IN input. The data format

is Biphase-L.

B etk
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MUX IN - This input accepts the TTL level 12 Mbps
multiplexed data. This input is terminated with 50
ohms. In normal operation this input is jumpered

to the F/0 RECEIVE OUT connector.

GROUP 1 OUT - This output provides the 3 Mbps group
multiplexed data for all group 1 channels. This TTL
level signal is buffered through a 50-ohm coaxial
cable driver. Any external connection to this
output must provide a 50-ohm terminator. The data

format is NRZ-L.

GROUP 2 OUT - This output provides the 3 Mbps group
multiplexed data for all group 2 channels. This TTL
level signal is buffered through a 50-ohm coaxial cable
driver. Any external connection to this output must

provide a 50-olm terminator. The data format is NRZ-L.

GROUP 3 OUT - This output provides the 3 Mbps group
multiplexed data for all group 3 channels. This TTL
level signal is buffered through a 50-ohm coaxial cable
driver. Any external connection to this output must

provide a 50-ohm terminator. The data format is NRZ-L.

GROUP 4 OUT - This output provides the 3 Mbps group
mulitplexed data for all group 4 channels. This TTL
level signal is buffered through a 50-ohm coaxial cable
driver. Any external connection to this output must

provide a 50-ohm terminator. The data format is NRZ-L.

CLOCK OUT - This TTL level output supplies a 3 Mbps
clock signal which has been buffered through a 50-ohm

coaxial cable driver. Any external connection to this

20
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output must provide a 50-ohm terminator. This signal
can be used in digitally recording the group data out

signals when optional interface circuits are available.

T

3.2.3 Fiber optic. There are one or optionally two fiber optic receivers
with one connector for each of the receivers, These connectors are Am-
phenol Model 906, Unlike the fiber optic transmitters, the fiber optic
receivers are not operated in parallel. They are switch selectable by

switch S1 located on the line driver board in the receiver chassis.

CAUTION: INTERNAL DAMAGE MAY RESULT IF THE FOLLOWING
INSTRUCTIONS ARE NOT FOLLOWED:

Red Connector: NO FERRULE
Green Connector: FERRULE REQUIRED.

A ferrule is required by certain connectors for proper alignment
of the optical fiber; however, the presence of a ferrule where it is
not needed may cause severe damage to the optical components behind

the connector.

3.3 FRONT PANEL DESCRIPTION

3.3.1 Transmitter. There are seven indicators and one switch located
on the front panel of the transmitter and are described below. Refer

to Section 7.1 for a view of the transmitter front panel.

1. Power ON/NOT ON Switch

This switch is located on the bottom right-hand side
of the front panel and is green in color. This switch

turns on the AC power and will light up when AC power

is ON.




Bit Stream

This indicator will be on when the 12 Mbps bit stream is
present. If it is not, a problem on the multiplexer

board would be suspected.

OVP OFF

This indicator will be on when the over voltage protection
circuitry is disco.. ected from all internal power supplies.
This is controlled by a switch located on the right-hand
side, behind the lower front panel. The panel is lowered
by unscrewing the thumb screws at the top of the panel.

The switch is labeled OVP with ON and OFF positions
clearly visible. In the ON position, the over voltage

protection circuitry for each power supply is connected.
The OVP can be triggered by low radiation dose rates,
thereby shutting off power. The OVP should be off when
operating in radiation environments. The OVP should
also be off whenever link operation is more important
than protecting circuits from damage due to over voltage.
+7.5V

This indicator is- on when +7.5 volts are present.

-7.5V

This indicator is on when -7.5 volts are present.

+3V j

This indicator is on when +3 volts are present,

22
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This indicator is on when -3 volts are present.

+5V

This indicator is on when +5 volts are present.

NOTE: Since the +3V supply is derived from the +7V supplies

and the -3V supply is derived from the +3 and +7V

supplies, interactions occur.

3.3.2 Receiver. There are nine indicators and one switch located on

the front panel of the receiver, and are described below. Refer to

Section 7.3 for a view of the receiver front panel.

1.

Power ON/NOT ON

This switch is located on the bottom right-har:! «.de
of the front panel and is green in color. This switch
turns on the AC power and will light up when AC power
is ON.

Bit Stream

This indicator will be on when the 12 Mbps bit stream is
present. If this light is off and the bit stream indicator
on the transmitter is ON, a problem with the fiber optics
would be suspected. Some fiber optic receivers put out

an oscillatory signal when there is no input. When using
these type receivers, the bit stream indicator will always

be ON.

P P e Y
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3. OVP OFF

This indicator will be on when the over voltage protection
circuitry is disconnected from all internal power supplies.
1 This is controlled by a switch located on the right-hand
side, behind the lower front panel. This panel is lowered
by unscrewing the thumb screws at the top'o% the panel.
The switch is labeled OVP with ON and OFF positions
clearly visible. 1In the ON position, the over voltage
protection circuitry for each power supply is connected.

See discussion on when to use OVP in Section 3.3.1.
4. +7.5V
{ This indicator is on when +7.5 volts are present. '

NOTE: The voltage at t.. +7.5 volt power supply has

been increased to approximately 9 volts in order
to supply a necessary 8 volts to the codec

circuits on the decoder boards.
5. -7.5V 5
This indicator is on when ~7.5 volts are present.
NOTE: The voltage at the 7.5 volt power supply has
been adjusted to approximately -9 volts in order i
’ to supply a necessary -8 volts to the codec

circuits on the decoder boards.

6. +3V

This indicator is on when 3 volts are present.




NOTE: The -3 volt power supply has been adjusted to
approximately -3.2 volts so as to provide a

system gain of one.

8. +5V

This indicator is on when +5 volts are present.
9. +15V

This indicator is on when +15 volts are present.
10. =15V

This indicator is on when ~15 volts are present.

3.4 Bandwidth Selection

The bandwidth of the system can be varied between 5 KHz, 10 KHz,
and 20 KHz by switches located on both coder and decoder boards. These
switches are accessible by lowering the front panels of each chassis.
Each bandwidth selection switch determines the sampling rate for the
four channels associated with a particular coder-decoder board set and
assigns appropriate input filters. For proper operation, coder and
decoder switches must be in the same position. It must be noted that
higher bandwidths (10 KHz and 20 KHz) have been achieved by paralleling
appropriate channels on the coder boards. This results in a reduction

in sampling time and a reduction in the number of useable channels.

In the 5 KHz position, all four channels associated with a coder-

decoder board set are operational.

In the 10 KHz position, two channels are paralleled to effect a
faster sampling rate since the maximum sampling rate for one coding codec
chip (DF 331) is 16 KHz. 1In this position, channel XX1 is paralleled
with channel XX3 and channel XX2 with channel XX4. (Refer to Section

1.3 on channel nomenclature.) This has the effect of reducing the

25




number of useable channels to two for each coder-decoder board set.

However, this is not true for those channels labeled F since there

are only three channels available on these boards in the 5 KHz position.
This limits the number of 10 KHz channels for each board labeled F to
one. Thus, the total number of system channels with a bandwidth of

10 KHz is 44. The analog input signals must be connected to channels
XX1 and XX2. Likewise, the analog output signals are found on channels

XX1 and XX2, respectively.

In the 20 KHz position, all four channels on each coder-~decoder
board set are paralleled. Thus, there is only one 20 KHz channel per
board. Again, this is not true for those boards labeled F and since
there are only three 5 KHz channels on these boards, no 20 KHz channels
can be formed. The total number of 20 KHz system channels is 20. The
analog input signals must be connected to channels XX1. Likewise, the

analog outputs are found on channels XX1.

In summary, the bandwidth versus maximum number of system channels

is shown in Table 2.

Table 2
Bandwidth Channels
5 KHz 92
10 KHz 44
20 KHz 20

Since the process of assigning bandwidths can become complicated,
it is suggested that a worksheet be filled out for ease in setting up
the channels. A sample worksheet is provided in Figure 4., Two blank

worksheets are included in Section 7.0. To use this worksheet, these
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steps should be followed:

1. Fill in the number of channels desired for each bandwidth.

! 2, Starting with the 20 KHz bandwidth, fill in the chassis

1 slot numbers to accommodate the number of 20 KHz channels
desired. For convenience, the slot numbers in the sample
worksheet have been chosen to start with 1A and finish

i with 4F, to correspond to the first two characters of the

channel numbers in that slot.

3. Fill in the slot numbers for the 10 and 5 KHz bandwidths,

respectively,

4, Complete the Channels/Slot row for each slot number,

and each bandwidth, remembering that there are a maximum

. m——

of four 5 KHz channels per slot, two 10 KHz channels per

slot, or one 20 KHz per slot for all slots except IF,

2F, 3F and 4F. For these slots, there are a maximum
of three 5 KHz channels per slot or one 10 KHz channel

per slot.

5, Fill in the matrix which corresponds to the back panel
of each chassis by indicating both channel number and
assigned bandwidth., It may be helpful to put an X in
those blocks which are not operational due to the paral-

leling of channels to achieve higher bandwidths.,
3.5 FIBER OPTIC RECEIVER SELECTION
A switch labeled S1 on the line driver board in the receiver

chassis allows selection between fiber optic receiver #1 and receiver

#2. Each position is clearly labeled on the board.
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3.6 OFFSET ADJUSTMENT

There are two analog offset adjustments available, one for the
input stage of the transmitter and one for the output stage of the re-

ceiver,

3.6.1 Input offset. There is an input offset adjustment for each
channel located on the coder boards. The potentiometers used for this
adjustment are R17, R18, R19 and R20. Each pot is adjusted so that a
shorted analog input produces the eight-bit code associated with a zero
volt input on the output of the codec chip (DF331). This code is:
01111111 or 1111111, Refer to Diagram 7.10 for location of adjustment
pots.

3.6,2 OQutput offset, There is an output offset adjustment for each

channel located on the decoder boards. The potentiometers are labeled
R22, R23, R24 and R25 on each decoder board. Each pot is adjusted so
that the eight-bit bode corresponding to zero volts on the input to
the codec chip (DF334) produces zero volts at the final output stage.

Refer to Diagram 7.10 for location of adjustment pots.

3.7  GAIN ADJUSTMENT

A separate gain adjustment has been provided for each channel and
is accomplished by adjusting pots R7, R10, R13 and R16 on each coder
board. The gain should be adjusted so that the voltage at the input to
the codec chip (DF331) is the same as the voltage at the input connector.

Refer to Diagram 7.10 for location of adjustment pots.

3.8 INPUT SIGNAL LIMITER ADJUSTMENT

A limiter adjustment is available for each channel so that the




voltage level at which the input analog signal is limited can be varied.
i This is achieved by adjusting pots R5, R8, R1ll and R14 on the coder
j boards. This adjustment has been set so that the input signal begins
distorting above %3 volts and is limited at *6 volts. Refer to Diagram

7.10 for location of adjustment pots.

3.9 RECEIVER TIMING ADJUSTMENT

P T I

A timing adjustment pot, R1l, is located on the demultiplexer board
in the receiver chassis, It is used to set proper timing in the decoding
1 circuitry, It should be set in the middie of the range for which an
3 undistorted analog output signal is achieved. Refer to Diagram 7.10 for

location of adjustment pot,
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4.0 COMPUTER INTERFACE OPTION

4.1 DESCRIPTION

An optional computer interface board has been included to provide

the following functions:

1) Fiducial Status
2) Calibration Status
3) Frame Counter

4) Sync Word

This board should be placed in the backplane connector slot labeled

1F. Thus, in choosing this option, channels 1Fl1, 1F2 and 1F3 are no

longer available.

This interface board uses the eight-bit data time slots associated

with channels 1Fl and 1F2, in the following format.

Sync Word. The sync word is an eight-bit selectable code which

can be used as a frame sync. It occurs once in every frame during the
time slot associated with the 1F1 channel. The circuit is wired so that
the MSB bit of the code appears in the first bit position. The code is
selectable by jumpers on the interface board. The format for the sync

word is shown in Figure 3.

e

BIT 1 BIT 8

LSB i

MSB

Figure 3. 1F1 Data Slot: Sync Word
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.

Fiducial Status. An input connector is provided on the back panel
of the transmitter chassis for a fiducial signal. The requirements for
the signal are that it is between 20 and 200 volts in peak amplitude,
with a 40 nanosecond minimum pulse width. The circuit is designed to
provide a logical one in the first bit position of the 1F2 channel data
slot for about 3 msec after the fiducial signal. A logical zero returns

after about 3 msec following the signal.

Calibration Status. A calibration status input connector is lo-

cated on the back panel of the transmitter chassis. It is designed
to accept a switch closure input. Upon closure of the switch, a logical
zero status bit is provided in the second-bit position of the 1F2 channel

data slot; alternatively, a logical one results when the switch is open.

Frame Counter. A frame counter is provided on the interface board
whose output is a continuous count of data frames with no reset. The
format of the counter output is a six-bit binary code. It occupies the
third through the eighth bit position of the 1F2 channel data slot.
Frame count data can be used with the fiducial status bit to determine
the number of frames transmitted since the fiducial signal. The format

for the 1F2 data slot is shown in Figure 4.

BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8

F1DU
1~ NORMAL| FRAME FRAME
PRESENTIparn | couxt | FRave | FaE | rraz | raa COUNT
FIDU | car coowt | cowwr | comr | counr 3
0-, Nt O-pata us»

Figure 4. 1F2 Data Slot: Fiducial Status, Calibration
Status and Frame Count

4.2 EXTERNAL STATUS CONNECTIONS

Fiducial Input - A fiducial input is provided and has been termina-
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ted with 50 ohms. The input is designed to accept 20 to 200 volt sipgnals
with a minimum of 40 nanoseconds pulse width. The circuitry for the
i fiducial status is located on the computer interface board which, when
selected, resides in the backplane connector slot labeled 1F. The

fiducial status appears as a logical one in the first bit position of

s il it ..

the eight-bit time slot allotted to channel 1F2 for about 3 msec

following a fiducial pulse, and a logical zero after this time.

i Calibrate Input - A calibrate input is provided to indicate when

> calibration data is being transmitted over the data link. The circuit

for the calibration input is located on the digital interface board. .
] . The circuit is designed such that a switch closure produces a logical

zero in the second bit position of the eight-bit time slot allotted to

channel 1F2. VWhen normal data are being transmitted, the status bit

appears as a logicial one.

NOTE: This computer interface option is develop-
1 mental at the time of this writing and is

not part of the standard link.

L ey
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5.0 SYSTEM OPERATION CUECKLIST

In order to insure proper operation of the data link, the following

steps should be carefully followed:

1. Assign bandwidths to the channels. Refer to Section
3.4 on bandwidth selection. It is suggested that a
worksheet be filled out similar to the one provided
in Figure 4. Two blank worksheets are included in

Section 7.7.

2. Select the desired bandwidth for each channel. These
switches are located on the edge of the coder and de-
coder boards. The front panels must be lowered in
order to reach them. Make sure that switches on both
the transmitter and receiver are in the desired

position.

3. Connect coaxial cables to appropriate channels. Use

matrix developed in Step 1.

4, Make sure the following jumpers are in place on the

back panels:

a) MUX OUT to F/0 XMIT IN on transmitter
b) F/O RECEIVE OUT to DEMUX IN on receiver.

5. Make sure fiber optic cable connectors are secured to
panel connectors. Note the warning label concerning
the use of ferrules. This warning is also described

in Sections 3.1.3 and 3.2.3.

6. Select desired fiber optic reciever. This switch is

o e (e g g gyt




labeled S1 and is located on the line driver board

; in the receiver chassis.

7. Make sure power cords for both transmitter and

receiver are securely plugged into AC power outlets.

8. Push Power ON switch for both transmitter and re—

f ceiver chassis.




SECTION 6.0

DIAGRAMS AND SCHEMATICS
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68 BACKPLANE WIRE LIST - TRANSMITTLR

FROM
CONNECTOR

J1
J3
J4
J5
Jé
J7
J8
J9
J10
J11
J12
J13
J1
J17
J18
J19
J20
J21
J22
J23
J24
J25
J26
J27

J1
J9
J10
J11
J12
J13

J1
J3
J4
J5
J6
J7

J1

Jz3
J24
J25
J26
J27

OO WOWOOYOWYO'OOWOOIIMmWWOWOWD OO W0WOWY oo™

RRRRRO RRR~R~Rm

RARRRKRT

CONNECTOR

J3

J4

J5

Jé

J7

J8

J9

J10
J11
J12
J13
J1a
J17
J18
J19
J20
J21
J22
J23
J24
J25
J26
J27
J28

J9

J10
J11
Ji2
J13
J14

J3
J4
J5
Jé
J7
J8

J23
J24
J25
J26
J27
J28

TO

o
AR AR O W WVWYWWWOYWOWWWOWWWOWWOWWWLWWWYWOWOO l;

~

RARRARARN

RARRRRRA

<OLOR

Vio
Bus

let
Wire

Violet

Bus

Wire

Bl
Bus

Bl
Bus

ue
Wire

ue
Wire

Bl
Bus

ue
Wire

SIGNAL A

3MHz Clock

Group 1

Group 2

Group 3

Digital Data

Digital Data

Y

Digital Data




BACKPLANE WIRE LIST - TRANSMITTER

3 FROM TO COLOR SIGNAL
b CONNECTOR PI CONNECTOR PIN
! Jl 7 J17 K Blue Group 4 Digital Data
J17 K J18 K Bus Wire
J18 K J19 K
J19 K J20 K
J20 K J21 K
J21 K J22 K Y
1
| J1 9 J8 10 White SYNC1-2A1
. J8 10 Jl4 10 SYNCI1-1A1
3 J1 9 J22 10 SYNC1-4A1
J22 10 J28 10 \ SYNC1-3A1
J1 K J7 10 Vhite SYNC2-2B1
J7 10 J13 10 SYNC2-1B1
J1 K J21 10 SYNC2-4B1
J21 10 J27 10 ] SYNC2-3B1
- J1 10 J6 10 White SYNC3-2C1
! Jé 10 J12 10 SYNC3-1C1
p J1 10 J20 10 SYNC3-4C1
| 320 10 J26 10 ¥ SYNC3-3C1
t
J1 L J5 10 White SYNC4-2D1
J5 10 J11 10 SYNC4-1D1
J1 L J19 10 SYNC4-4D1
J19 10 J25 10 ' 4 SYNC4-3D1
J1 11 Jb 10 White SYNC5-2E1
J4 10 J10 10 SYNC5-1E1
J1 11 J18 10 SYNC5-4E1
J18 10 J24 10 \ SYNC5-3E1
J1 M J3 10 White SYNC6-2F1 '
J3 10 J9 10 SYNC6-1F1
J1 M J17 10 { SYNC6-4F1
J17 10 J23 10 SYNC6-3F1
' J1 12 J8 L White SYNC7-2A2
- Jg L J14 L SYNC7-1A2
- J1 12 J22 L SYNC7-4A2
‘ J22 L J28 L J SYNC7-3A2
J1 N 17 L thite SYNC8-2B2
‘ J7 L J13 L SYNC8-1B2
1 J1 N J21 L SYNC8-4B2
: J21 L J27 L SYNC8-3B2
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B VT

BACKPLANE WIRE LIST - TRANSMITTER

FROM
CONNECTOR

J1
Jbé
J1
J20

J1
J5
J1
J19

J1
J4
J1
J18

J1
J3
J1
J17

Jl
J8
J1
J22

J1
J7
J1
J21

J1
J6
J1
J20

J1
J5
J1
J19

J1
J4
J1
J18

PIN

Mo

15
15
11
11
11
16
11
16
11
11
11
17
11

17
11

CONNECTOR

Jé

J12
J20
J26

J5

J11
J19
J25

J4

J10
J18
J24

I3
J9
J17
J23

J8

J14
J22
J28

J7

Ji3
J21
J27

J6

J12
J20
J26

J5

J11
J19
J25

J4

J10
J18
J24

TO

PI

ol Sl o [l el a [l el el o

[l e

11

11
11

11
11
11
11

11
11
11
11

11
11
11
11

11
11
11
11

COLOR

White

White

White

White

Vhite

White

White

White

White

SIGNAL

SYNC9-2C2
SYNC9-1C2
SYNC9-4C2
SYNC9-3C2

SYNC10-2D2
SYNC10-12
SYNC10-4D2
SYNC1(0-3D2

SYNC11-2E2
SYNC11-1E2
SYNC11-4E2
SYNC11-3E2

SYNC12-2F2
SYNC12-1F2
SYNC12-4F2
SYNC12-3F2

SYNC13-2A3
SYNC13-1A3
SYNC13-4A3
SYNC13-3A3

SYNC14-2B3
SYNC14-1B3
SYNC14-4E3
SYNC14-3B3

SYNC15-2C3
SYNC15-1C3
SYNC15-4C3
SYNC15-3C3

SYNC16~2D3
SYNC16-1D3
SYNC16-4D3
SYNC16-3D3

SYNC17-2E3
SYNC17-1LE3
SYNC17-4E3
SYNC17-3E3




BACKPLANE WIRE LIST - TRANSMITTER

FROM TO COLOR SIGNAL
CONNECTOR PIN CONNECTOR PIN
J1 U J3 11 White SYNC18-2F3
J3 11 J9 11 SYNC18-1T3
J1 U J17 11 SYNC18-4F3
J17 11 J23 11 \ SYNC18-3F3
J1 18 J8 M White SYNC19-2A4%
J8 M J14 M SYNC19-1A4
J1 18 J22 M SYNC19-4A4
J22 M J28 M SYNC19-3A4
J1 \' J7 M White SYNC20-2B4
J7 M J13 M SYNC20-1B4
J1 \" J21 M SYNC20-4B4
J21 M J27 M L SYNC20-3B4
J1 19 J6 M White SYNC21-2C4
. J6 M J12 M SYNC21--1C4
{ J1i 19 J20 M SYNC21-4C4
| J20 M J26 M ] SYNC21-3C4
! Jl W J5 M White SYNC22-2D4
! J5 M J11 M SYNC22-1D4
J1 W J19 M SYNC22-4D4
J19 M J25 M SYNC22-3D4
J1 20 J4 M White SYNC23-2E4
J4 M J10 M SYNC23-1E4
J1 20 J18 M SYNC23-4E4
J18 M J24 M \ SYNC23-3E4
J1 % 8 * J2 % K # Yellow * 12 Mbps
Biphase Data
J2 % 9 BNC Back Panel Coax MUX Out
J1 S Connector
J2* 10 * BNC Back Panel Coax Ground
' J1 5 Connector Shield
J2 7 Front Panel Anode Violet Bit Stream
LED Indicator
J2 8 Front Panel Cathode Green Bit Stream
LED Indicator

* Applicable to Serial Unit No, 1 Only




. FROM
j CONNECTOR PIN
! J9 c
i

J9 8

BNC Back Panel
Connector

BNC Back Panel
Connector

‘ +5V Power Supply (+)
: J1 1,2,A,B
J2
J3
J4
J5
J6
. J7
- ! J8
‘ Jo

J10
J11
J12
J13
+5V Power Supply (+)
J15 1,2,A,B
J16
J17
J18
J19
J20
J21
J22
J23
J24
J25
J26
J27

y

J1 1,2,A,B

J15 1,2,A,B

BACKPLANE WIRE LIST - TRANSHITTER

TO

CONNECTOR PIN

BNC Back Panel
Connector

BNC Back Panel
Connector

F/O Board
Connector

7,20

F/0 Board
Connector

9,K,22,Z

J1 1,2,A,B
J2

J3

J4

J5

J6

J7

J8

J9

J10
Ji1
J12
J13
J14
J15
J16
J17
Ji8
J19
J20
Ja21
J22
J23
J24
J25
J26
J27
J28

F/0 Board
Connector

1,A,14,R

Front Panel Anode

LED

51
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COLOR SIGNAL
Coax FIDU
Green CAL
Coax F/0 XMIT IN
Coax Ground
Shield {
Red +5V
Bus Wire
Y
Red
Bus Wire
4 y
Red +5V
Red +5V
Indicator




BACKPLANE WIRE LIST - TRANSMITTER

FROM
CONNECTOR

+7.5V Power Supply (+)

J14
J13
J12
J11
J10
J9
J8
J7
J6
J5
J4

PIN

5

\

+7.5V Power Supply (+)

J28
J27
J26
J25
J24
J23
J22
J21
J20
J19
Ji8
J17
J16

5

+7.5V Power Supply (S)
5

J16

-7.5V Power Supply (-)

J14
J13
J12
J11
J10
J9
J8
J7
J6
J5
J4

E

}

-7.5V Power Supply (=)

J28
Jz7
J26

E

|

CONNECTOR

J14
J13
Ji2
J11
J10
J9

J8

J7

J6

J5

J4

J3

J28
J27
J26
J25
J24
J23
J22
J21
J20
J19
J18
J17
J1é
J1%
J15

Front Panel

LED

J14
J13
J12
J11
J10
J9
J8
J7
Jé
J5
J4
J3
J28
J27
J26
J25

52

y

5
Anode

COLOR

Orange
Bus Wire

'

Orange
Bus Wire

V

Orange
Yellow

Flue
Bus ire

[ Z
Blue
Bus Wire

|

SIG

+7.

+7.

NAL

5v

5V

4

+7.5V
+7.5V
Indicator

-7.5v

. P P
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BACKPLANE WIRE LIST - TRANSMITTER

CONNECTOR PIN CONNECTOR
J25 E J24
J24 J23
J23 J22
J22 J21
J21 J20
J20 J19
J19 J18
J18 J17
J17 J16
J16 Y J15

~7.5V Power Supply (S) J15
J16 E Front Panel
LED
J15 7 J3
J3 J4
J4 J5
J5 J6
Jé6 J7
J7 J8
J8 J9
J9 J10
J10 Ji1
J11 J12
J12 J13
J13 J14
J15 Jié
J16 J17
J17 Ji8
Jis J19
Ji9 J20
J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 J26
J26 J27
J27 \ J28
J16 7 Front Panel
LED
J15 H J3
J3 J4
J4 J5
J5 J6
J6 J7
53

PIN

"
E
Cathode

Anode

o=}

COLOR

Blue
Bus Wire

:

Blue
Red

Red
Bus Wire

Green

Yellow

‘ : ,_— e o~y

SIGNAL

-7.5V

v

-7.5V
-7.5V
Indicator

+3v

A

+3v
Indicator

-3V

i

«
)




BACKPLANE WIRE LIST - TRANMSMITTER

FROM

CONNECTOR

J7

J8

J9

J10
J11
J12
J13
J15
J16
J17
J18
J19
J20
J21
J22
J23
J24
J25
J26
J27
J16

PIN

-

5V Power Supply (-)
+7.5V Power Supply (-)
~7.5V Power Supply (+)

J1
J2
J3
J4
J5
J6
J7
J8
J9
J10
J11
J12
J13

21,22.Y,2

!

5V Power Supply (-)
+7.5V Power Supply (~)
-7.5V Power Supply (4)

J1s
J16
J17
J18
J19
J20

21,22,Y,2

CONNECTOR

J8

J9

J10
Ji1
Ji2
J13
J14
J16
Ji7
J18
J19
J20
J21
J22
J23
J24
J25
J26
J27
J28

Front Panel

LED

Jl
J1
J1
J2
33
J4
J5
Jé
J7
J8
J9
J10
J11
J12
J13
J14
J15
J15
J15
J16
J17
Ji8
J19
J20
J21

54

TO

PIN

¥
Cathode

COLOR

Yellow
Bus Wire

L
Blue

Black
Black
Black
Bus Wire

Black
Black
Black
Bus Wire

SIGNAL

-3V

\
-3V
Indicator

Ground
Ground
Ground
Ground

&

Ground
Ground
Ground
Ground




—_———

BACKPLANE WIRE LIST - TRANSMITTER

FROM TO COLOR SIGNAL
CONNECTOR PIN CONNECTOR PIN
J21 21,22,Y,7 J22 21,22,Y,72 Bus Wire Ground
J22 J23
3 J23 J24
4 J24 J25
- J25 J26
J26 J27
J27 J28 | {
I J15 21,22,Y,Z Front Panel Cathode Black +5V,47V,+3V
. LED Indicator Ground
J15 21,22,Y,Z Front Panel Anode Black -7V,-3V
LED Indicator Ground
J1 21,22,Y,2 F/0 Board 9,K,22,Z Black Ground
Connector

"




BACKPLANE WIRE LIST - TRANSMITTER
‘ CABLE STIGNAL
) BACK PANEL BNC CONNECTOR CONNECTOR PIN ANALOG IN
1A1 J14 13 Coax* 1A1
1A2 J14 16 1A2
1A3 J14 19 1A3
1A% J14 20 1A4
1B1 J13 13 1B1
182 J13 16 1B2
, 1B3 J13 19 1B3
! 1B4 Ji3 20 1B4
. 1c1 J12 13 1c1
1¢2 J12 16 1¢2
] 1c3 Ji2 19 1¢3
‘ 1c4 J12 20 1¢4
ipl J11 13 1Dl
1D2 J11 16 1D2
1p3 Jit 19 1p3
- 1D4 J11 20 1D4
2 1E1 J10 13 1E1
1E2 J10 16 1E2
1E3 J10 19 1E3
1E4 J10 20 1E4
1F1 J9 13 1F1
1F2 J9 16 1F2 :
iF3 J9 19 1F3 .
241 J8 13 241 ‘
2A2 J8 16 242 :
243 J8 19 2A3
2A4 Ja 20 2A4
2B1 37 13 2B1
2B2 J7 16 2B2 |
2B3 J7 19 2B3 i
2B4 J7 20 2B4 :
2c1 36 13 2c1 !
2¢€2 Jé 16 2¢2
2¢3 J6 19 2¢3
2C4 J6 20 2¢4
2D1 J5 13 2D1
i 2p2 J5 16 2D2
; 2p3 J5 19 2D3
D4 15 20 2D4
: 2E1 J4 13 2E1
b 2E2 36 16 2E2
i 2E3 R 19 283
2E4 J4 20 2E4
2F1 J3 13 2F1
2F2 J3 16 2F2
, 2F3 J3 19 Y 2F3
*Coax shields are connected only to back panel connectors.
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BACKPLANE WIRE LIST - TRANSMITTER

CABLE SIGNAL
BACK PANEL BNC CONNECTOR CONNECTOR PIN ANALOG IN
i 3A1 J28 13 Coax¥ 3A1
: 342 J28 16 3A2
g 343 J28 19 343
384 J28 20 3A4
3B1 J27 13 3B1
; 3B2 J27 16 3B2
3R3 J27 19 IB3
3B4 J27 20 3B4
: 3cl J26 13 3C1
; 3C2 J26 16 3C2
; 3c3 J26 19 3C3
3¢c4 J26 20 3C4
, 3p1 J25 13 3p1
) } 3p2 J25 16 3D2
| 3D3 325 19 3D3
3 3D4 J25 20 3D4
] 3E1 J24 13 3E1
1 3E2 J24 16 3E2
P 3E3 J24 19 3E3
| 3E4 J24 20 : 3E4
‘ 3F1 J23 13 3F1
' 3F2 J23 16 3F2
i 3F3 J23 19 3F3
‘ 4AL J22 13 4A1
4A2 J22 16 4A2
4A3 J22 19 4A3
bAL J22 20 LAG
A 4B1 J21 13 4B1
4B2 J21 16 4B2
4B3 J21 19 4B3
4B4 J21 20 4B4
4C1 J20 13 4C1
4C2 J20 16 4C2
4c3 J20 19 4C3
4C4 J20 20 4C4
4D1 J19 13 41
4D2 J19 16 4D2
4D3 J19 19 4D3
4D4 J19 20 4D4&
) 4E1 J18 13 4E1
; 4E2 J18 16 482
] 4E3 J18 19 4E3
: 4E4 Ji8 20 4E4
] 4F1 J17 13 4F1
1 4F2 J17 16 4F2
4F3 J17 19 L { 4F3

* Coax shields are connected only to back panel connectors.

1
-
/
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6,9 BACKPLANE WIRE LIST - RECEIVER
COLOR SIGNAL
CONNECTOR PIN CONNECTOR PIN

J1 E J3 9 Violet 3MHz Clock
J3 9 J4 9 Bus Wire
J4 9 J5 9
J5 9 Jé6 9
Jé 9 J7 9
J7 9 J8 9
J8 9 J9 9
J9 9 J10 9
J10 9 J11 9
J11 9 J12 9
J12 9 J13 9
Ji3 9 J14 9
J1 E J17 9 Vigdlet
J17 9 J18 9 Bus Wire
J18 9 J19 9
J19 9 J20 9
J20 9 J21 9
J21 9 J22 9
J22 9 J23 9
J23 9 J24 9
J24 9 J25 9
J25 9 J26 9
J26 9 J27 9
J27 9 J28 9 *L i
J1 F J9 K Blue Group 1 Digital Data
J9 K J10 K Bus Wire
J10 K J11 K
J11 K J12 K
J12 K J13 K
J13 K J14 K ] Y
J1 6 J3 K Blue Group 2 Digital Data
J3 K J4 K Bus Wire
J4 K J5 K
J5 K J6 K
J6 K J7 K
J7 K J8 K Y
J1 H J23 K Blue Group 3 Digitial Data
J23 K J24 K bus Wire
J24 K J25 K
J25 K J26 K
J26 K J27 K

3 J27 K J28 K

3

58
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BACKPLANE LIST - RECEIVER

FROM
CONNECTOR PI
J1 7
J17 K
J18 K
J19 K
J20 K
JZ1 K
J1 9
J8 10
J1 9
J22 10
J1 K
J7 10
Jl K
J21 10
Jl 10
Jé 10
J1 10
J20 10
J1 L
J5 10
J1 L
J19 10
J1 11
J4 10
J1 11
J18 10
J1 M
J3 10
J1 M
J17 10
J1 12
J8 L
J1 12
J22 L
J1 N
J7 L
J1 N
J21 L

CONNECTOR

J17
J18
J19
J20
J21
J22

J8

J14
J22
J28

J7

J13
J21
J27

Jé

J12
J20
J26

J5

J11
J19
J25

J4

J10
J18
J24

J3
J9
J17
J23

J8

J14
J22
J28

J7

J13
J21
J27

TO

COLOR

Blue
Bus Wire

White

White

White

White

White

White

White

White

SIGNAL

Group 4 Digital Data

SYNC1-2A1
SYNC1-1A1
SYNC1-4A1
SYNC1-3A1

SYNC2-2B1
SYNC2-1B1
SYNC2-4B1
SYNC2-3B1

SYNC3-2C1
SYNC3~-1C1
SYNC3-4C1
SYNC3-3C1

SYNC4-2D1
SYNC4-1D1
SYNC4-4D1
SYNC4-3D1

SYNC5-2E1
SYNC5-1E1l
SYNC5-4E1
SYNC5-3E1

SYNC6-2F1
SYNC6-1F1
SYNC6-4F1
SYNC6~-3F1

SYNC7-2A2
SYNC7-1A2
SYNC7-4A2
SYNC7-3A2

SYNC8-2B2
SYNC8-1B2
SYNC8-4B2
SYNC8-3B2




BACKPLANE WIRE LIST - RECEIVER

i FROM TO COLOR SIGNAL
S —_— = Rt bl
CONNECTOR PIN CONNECTOR PIN
f J1 13 J6 L White SYNC9-2C2
f J6 L J12 L SYNC9-1C2
- J1 13 J20 L SYNC9-4C2
J20 L J26 L | SYNC9-3C2
‘ J1l P J5 L White SYNC10-2D2
i J5 L J11 L SYNC10-1D2
; J1 p J19 L SYNC10-4D2
J19 L J25 L \ SYNC10-3D2
J1 14 J4 L White SYNC11-2E2
J4 L J10 L SYNC11-1E2
J1l 14 J18 L SYNC11-4E2
J18 L J24 L : SYNC11-3E2
J1 R J3 L White SYNC12-2F2
J3 L J9 L SYNC12-1F2
. J1 R J17 L SYNC12-4F2
! J17 L J23 L \ SYNC12-3F2
? J1 15 J8 11 White SYNC13-2A3
J8 11 J14 11 SYNC13-1A3
J1 15 J22 11 SYNC13-4A3
: J22 11 J28 11 \ SYNC13-3A3
1
c J1 S J7 11 white SYNC14-2B3
t J7 11 J13 11 SYNC14-1B3
i J1 S J21 11 SYNC14-4B3
L J21 11 J27 11 Y SYNC14-3B3
\
i J1 16 J6 11 White SYNC15-2C3
{ J6 11 J12 11 SYNC15-1C3
: J1 16 J20 11 SYNC15-4C3
P J20 11 J26 11 \ SYNC15-3C3
. J1 T J5 11 White SYNC16-2D3
o J5 11 Ji1 11 SYNC16-1D3
: J1 T J19 11 SYNC16-4D3
J19 11 J25 11 Y SYNC16~3D3
J1 17 J4 11 ‘White SYNC17-2E3
J4 11 J10 11 SYNC17-1E3
J1 17 J18 11 SYNC: 7-4E3
J18 11 J24 (11 SYNC17-3E3

60




BACKPLANE WIRE LIST - RECEIVER

FROM

CONNECTOR

Jl
J3
J1
J17

J1
J8
J1
J22

J1
J7
J1
J21

J1
Jé
J1
J20

J1
J5
J1
J19

J1
J4
J1
J18

PIN

J3
J9
J17
J23

J8

J14
J22
J28

J7

Ji3
J21
J27

J6

J12
J20
J26

J5

J11
J19
J25

J4

J10
J18
J24

CONNECTOR

61

2E2R=

ZRRR

ZRREX

COLOR

White

White

White

White

White

White

SIGNAL

SYNC18-2F3
SYNC18-1F3
SYNC18-4F3
SYNC18~3F3

SYNC19-2A4
SYNC19-1A4
SYNC19-4A4
SYNC19-3A4

SYNC20-2B4
SYNC20-1B4
SYNC20-4B4
SYNC20-3B4

SYNC21-2C4
SYNC21-1C4
SYNC21-4C4
SYNC21-3C4

SYNC22-2D4
SYNC22-1D4
SYNC22-4D4
SYNC22-3D4

SYNC23-2E4
SYNC23-1E4
SYNC23-4E4
WYNC23-3E4




BACKPLANE WIRE LIST - RECEIVER

FROM
CONNECTOR

BNC Back Panel
Connector
BNC Back Panel
Connector

Jl

J2

J2

J1

Jl

J2

J2

J2

J2

J1

J2

J2

J1

J2

J2

PIN

10

i

11

12

13

14

TO

CONNECTOR
J1

J1

J2

BNC Back Panel
Connector

BNC Back Panel
Connector

Jl

J2

BNC Back Panel
Connector

BNC Back Panel
Connector

J2

BNC Back Panel
Connector

BNC Back Panel
Connector

J2

BNC Back Panel
Connector

BNC Back Panel
Connector

J2

BNC Back Panel
Connector

BNC Back Panel
Connector

62

M

COLOR

Coax

Coax
Shield

Yellow

Coax

Coax
Shield

Bus Wire

Blue

Coax

Coax
Shield

Blue

Coax

Coax
Shield
Blue
Coax
Coax
Shield

Blue

Coax

Coax
Shield

SIGNAL

DEMUX IN

Ground

3MHz Clock

3MHz Clock Qut

Ground

3MHz Clock

for SYNC Counters

Group 1 Data

Group 1 Data Out

Ground

Group 2 Data

Group 2 Data Out

Ground

Group 3 Data

Group 3 Data Out

Ground

Group 4 Data

Group 4 Data Out

Ground




FROY
i CONNECTOR PIN
F/0 Board 7
Connector

y - F/0 Board 20
Connector

J2 5

P

J2 6
J2 17
‘ J2 18

+5V Power Supply (+)
Jl 1,2,A,B
. 32
i J3
J4

J5

J6

J7

J8

J9
J10
J11
J12 %
J13

+5V Power Supply (+)
J15 1,2,A,B
J16
Ji7
J18
J19
J20
J21
J22
; J23
: J24
J25
J26 &
J27

J1 1,2,A,B

J15 1,2,A,B

¢ BACKPLANE WIRE LIST - RECEIVER

TO

CONNECTOR PIN
J2 S
J2 U

BNC Back Panel
Connector

BNC Back Panel
Connector

Front Panel Anode
LED

Front Panel Cathode
LED

J1 1,2,A,8
J2
J3
Jh
Js
Jé6
J7
J8
J9
J10
J1l
J12
J13
J14
J15
J16
J17
J18
J19
J20
J21
J22
J23
J24
J25
J26
J27
J28 v

F/0 Board 1,A,14,R
Connector

Front Panel Anode
LED

63

COLOR

Violet

Violet

Coax

Coax

Shield

Violet

Green

Red
Bus Wire

1

Red
Bus Wire

Red

Red

Sl st S

i g

SIGNAL
12Mbps
Biphase Data

12Mbps
Biphase Data

F/0 Receive Out
Ground
Bitstream

Indicator

Bitstream
Indicator

+5V

+5V

+5V
Indicator

S




BACKPLANE WIRE LIST - RECEIVLR

FROM

CONNLCTOR PIN
+7.5V Power Supply (+)

J14
Ji3
J12
Ji1
J10
J9
J8
J7
Jé
J5
J4

5

v

+7.5V Power Supply (+)

J28
J27
J26
J25
J24
J23
J22
J21
J20
J19
J18
J17
J16

5

'

+7.5V Power Supply (8)

J1i6

5

-7.5V Power Supply (-)

J14
J13
J12
J11
J10
J9
J8
J7
J6
J5
J4

E

/

-7.5V Power Supply (=)

J28
J27
J26
J25

L

TO

CONNLECTOR PIN

J14
TR
J12
J11
J10
J9

J8

J7

J6

J5

J4

J3

J28
J27
J26
J25
J24
J23
J22
J21
J20
J19
J18
J17
J16
J15
J15

Ut

Y
5

Front Panel Anode

LED

J14
J13
J12
J11
J10
J9
J3
J7
J6
J5
J4
J3
J28
J27
J26
J25
J26

1

64

COLOR

Orange

Bus

Vire

Orange

Bus

Wire

|

Orange

Ye

i)

Bus

B
Bus

llow

lue
Uire

lue
Wire

SIGNAL

+7.5V

+7.5V

Y
+7.5V
+7.5V

Indicator

~7.5V




)
3
)
y
BACKPLANE WIRE LIST - RECEIVER
! FROM TO COLOR SIGNAL
] CONNECTOR PIN CONNECTOR PIN
p
i l J25 E J24 E Blue -7.5V
- J24 J23 Bus Wire
H
J23 J22
{ J22 J21
J21 J20
J20 J19
e J19 J18
o J18 J17
; | J17 J16
- J16 Y J15 Y J ]
~7.5V Power Supply (S) J15 E Blue -7.5V
. J16 E Front Panel Cathode Red -7.5V
y ‘ LED Indicator
J15 7 J3 7 Red +3V
J3 Jb Bus Wire
. J4 J5
j J5 Jé6
1 J6 37
» J7 J8
) J8 J9
i 39 J10
‘ J10 J11
J11 J12
J12 J13
J13 J1l4
J15 J16
J14 J17
J17 J18
J18 J19
J19 J20
J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 J26
J26 J27
127 * 728 \ ‘ #'
J16 7 Front Panel Anode Green +3v
LED Indicator
b
4 J15 H J3 H Yellow -y
: J3 J4 Bus Wire
J4 J5
J5 Jé
J6 J7




BACKPLANE WIRE LIST - RECEIVER
FROU TIc COLOR SIGUAL
COURECTOR PIN CONNECTOR PIN
J7 H J8 H Yellow -3V
J8 J9 Bus Wire
J9 J10
J10 Jil
J11 J12 ‘
J12 J13 |
J13 J14
J14 J15
J15 Jlé
J16 J17
J17 Ji8
J18 J19
J19 J20
J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 J26
J26 J27
J27 J28
J16 H Front Panel Cathode Blue -3V
LED Indicator
+15V Power Supply (+) F/0 Board 3,16 Red +15vV
Connector
+15V Power Supply (-) F/0 Board 5,18 Blue -15V
Connector
5V Power Supply (-) J1 21,22,Y,Z Black Ground :
+7.5V Power Supply (-) J1 21,22,Y,Z Black Ground .
-7.5V Power Supply (+) J1 21,22,Y,Z Black Ground A
J1 21,22,Y,2 J2 21,22,Y,Z Bus Wire Ground
J2 J3
J3 J4
J4 J5
J5 Jé
Jé J7
J7 J8
J8 J9 :
J9 J10
J10 J11
J11 J12
J12 J13
J13 J1l4
5V Power Supply (-) J15 21,22,Y,Z Black Ground
+7.5V Power Supply (=) J15 21,22,Y,Z Dlack Ground
-7.5V Power Supply (+) J15 21,22,Y,Z Black Ground

66




BACKPLANE WIRE LIST -~ RECEIVLR

e et il S —nrio

FROM TO COLOR SIGNAL
' CONNECTOR PIN CONNECTOR PIN 2
% Ji5 21,22,Y,2 J1i6 21,22,Y,2 Bus Wire Ground
) J16 Ji7
: J17 Ji8
{ Ji8 J19
J19 J20
J20 J21
J21 J22 1
i J22 J23 ;
; J23 J24
J24 J25
J25 J26
‘ J26 J27
! J27 J28
J15 21,22,v,2 Front Panel Cathode Llack 4+5V,4+7V,+3V
E LED Indicator Ground
- J15 21,22,Y,2 Front Panel  Anode Black ~7V,-3V
{ LED Indicator Ground
\ J1 21,22,Y,7 F/0 Board 9,K,22,2 Black Ground
: Connector
2 +15V FPower Supply F/0 Board 9,K,22,Z Black Ground
Ground Connector

67
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L e T T

BACKPLANE WIRE LIST - RECEIVER

FROM
CONNECTOR PIN
J14 13
J14 16
J14 19
Ji4 20
J13 13
J13 16
J13 19
J13 20
J12 13
Ji2 16
J12 19
J12 20
J11 13
J11 16
Ji1 19
J11 20
J10 13
J10 16
J10 19
J10 20
J9 13
J9 16
J9 19
J8 13
J8 16
J8 19
J8 20
J7 13
J7 16
J7 19
J7 20
J6 13
36 16
J6 19
J6 20
Js 13
Js5 16
J5 19
Js 20
J4 13
J4 16
J4 19
J4 20
J3 13
J3 16
J3 19

T0
BACK PANEL CONNECTOR

1A1
142
1A3
1A4
1B1
182
153
1B4
171
1C2
1C3
1c4
1D1
1D2
1Dp3
1D4
1E1
1E2
1E3
1E4
1F1
1F2
1F3
2A1
2A2
2A3
2A4
281
212
2B3
254
2C1
2C2
2C3
2C4
2D1
2D2
2D3
2D4
2L1
2L2
2E3
2E4
2F1
2F2
2F3

* Coax shields are connected only to the back
panel connectors

68

CABLE

Coax*

SIGNAL

ANALOG OUT

1A1
142
1A3
1A4
181
1B2
183
1B4
171
1c2
1c3
1C4
1p1
1p2
1D3
1p4
1E1
1E2
1E3
1E4
1F1
1F2
1F3
241
242
2A3
2A4
2B1
2B2
2B3
2B4
2C1
2C2
2C3
2C4
2b1
2D2
2D3
2D4
2E1
2E2
2E3
2E4
2F1
2F2
2F3




BACKPLANE WIRE LIST ~ RECEIVER
FROM

CONNECTOR

Jz28
J28
J28
J28
J27
J27
J27
J27
J26
J26
J26
J26
J25
J25
J25
J25
J24
J24
J24
J24
J23
J23
J23
J22
J22
J22
J22
J21
J21
J21
J21
J20
J20
J20
J20
J19
J19
J19
J19
Jis
J18
J18
J18
J17
J17
J17

* Coax Shields are connected only to the back

PIN

13
16
19
20
13
16
19
20
13
16
19
20
13
16
19
20
13
16
19
20
13
16
19
13
16
19
20
13
16
19
20
13
16
19
20
13
le
19
20
13
16
19
20
13
16
19

panel connectors.

BACK PANEL CONNECTOR

10

69

3A1
3A2
3A3
3A4
381
3B2
3B3
384
3C1
3c2
3c3
3C4
3pn1
3D2
3D3
304
3E1
3e2
3E3
3L4
3F1
3F2
3F3
4A1
4A2
4A3
4A4
4Bl
4B2
4B3
4B4
4C1
4Cc2
4C3
4C4
4D1
4D2
4D3
4D4
4E1
4E2
4E3
4T4
4F1
4F2
4F3

CABLE

Coax*

SIGNAL

ANALOG OUT

3Al1
3A2
3A3
3A4
3B1
3B2
3B3
3B4
3cl
3C2
3c3
3c4
3Dl
3D2
3D3
3D4
3E1
3E2
3E3
3E4
3F1
3F2
3F3
4A1
4A2
4A3
4A4
4Bl
4B2
4B3
4B4
4Ccl
4C2
4C3
4C4
4Dl
4D2
4D3
4D4
4E1
4E2
4E3
4E4
4F1
4F2
4F3
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6.11 SCIIEMATICS

Description

Coder Board

[ St R .

Decoder Board

Multiplexer Board

Demultiplexer Board

Line Driver-Transmitter

Line Driver-Receiver

+3 Volt Power Supply

Chassis Wiring - Transmitter

O 00 N & W
)

Chassis Wiring - Receiver

—
=)
.

Fiber Optic Transmitter Board

t 11. Fiber Optic Receiver Board
' - Spectronics

‘ 12, Fiber Optic Receiver Board
t - Maxlight

13. Fiber Optic Receiver Board
~ Meret

14, Computer Interface Board

Drawing Number

317-01-1
317-02-1
317-03-1
317-04-1
317-05-1
317-06-1
317-07-1
317-08-1
317-09-1
317-10-1
317-11-1

317-12-1

317-13-1

317-14-1
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FIBERGCOM"

FED - SERIES

FIBERQPTIC EMITTER DRIVERS

i e -

@® Lovw cosT
@ SHALL SIZE ]

@ TTL COMPATIBLE

FIBERCON
e .

Jettimere o s,

@ OPERATION TO 25MBPS RZ

@ 24 PIN DIP CONFIGURATION

The FED series is comprised of several LED drivers designed for fiberoptic use.
Each requires only an emitter or emitter assembly and a 5§ volt power supply to

] ) realize a complete TTL compatible fiberoptic transmitter. The units have either
adjustable, or fixed and compensated drive currents. They are encapsulated in
2k pin dual-in-line plastic packages.

PINOUTS AND CONNECTION DIAGRAMS

+ +5 y

FED-1D 1’ 5 > Rl ;

7. gy 220uF 5 IB 220uF 5

8. RL I I ( L6

16. Output — 16 -

18. Strobe - - !
4 LED LED '

20 Data In FED-1D |22 FED-1D | 22 l

22. GND 2 20 | i
3 23, GND 23 o= 23 i

2h.  GND : 24 o—7] 24 1

FIGURE ! - FIGURE 2 <
+5
FED-2D/30/4D
8

8. 220uF ~ .

13. Output I

18, GND - FED-

24. Data In 2/3/4D LED

o—24 18
FIGURE 3 -
RADJIATION DEVICES CO.,INC. @P.0.BOX B4S0@BALTIMORE MD. 21234 U.S.A.@(301)628-2240
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SPECIFICATIONS

FED-102 FE0-2D
, PARAMETER! MIN.  TYP.  MAX. MIN. TYP.  MAX.  UNITS
1
' Power Supply 4.5 5.0 5.5 4.5 5.0 5.5 v
! Supply Current
lnput 1" 170 200 80 94 L7
i Supply Current
Input ''0" 100 125 65 75 mA
Peak Emitter
Orive Current 100 300 75 mA
' Electrical Risetime 15 20 4 6 nsec
Electrical Falltime S 10 4 6 nsec
i Electrical Bandwidth 25 25 MH2
Optical Risetime3 55 60 SEE nsec
Optical Falltime 20 25 nsec
Optical Bandwidth TABLE
(-3dB @ Receiver) 10 16 MH2z
. Optical Bandwidth BELOW
3 (0.5 Optical Power) 15 20 MHz
Data tnput 1 standard TTL load 2 standard TTL loads
Temperature Range
(operating & storage) s} 70 0 70 o¢
FED-2D FED-30 FED~4D
MIN. TYP. MAX|[MIN. TYe. mAx.!|miN, TYe. mAX. uNiTS
Optical Risetime3 25 30 22 30 15 20 nsec
Optical Falltime 20 25 18 25 14 20 nsec
Optical Bandwidth
(-3dB @ Receiver) 15 20 10 17 15 20 MH z
Optical Bandwidth
(0.5 Optical Power)] 20 25 15 20 20 25 MHzZ
NOTES: 1. Test data was taken with the modules driving the following or similar

light emitting diodes: FED-1D -~ FOE-3 with Ve=1.7V and Cg=150pf
FED-2D - FOE-3 with Vg=1.7V and Co=150pf
FED-30 - FOE-1 with Vg=1.3V and Co=100pf
FED-4D - FOE-9 with V¢=1.6V and Cq= 30pf
2. FED-1D has an internal 1imiting resistor which supplies a drive of
100mA (Figure 1). However, other drive currents may be externally
set (Figure 2) up to 300mA maximum.
3. Certain types of LED's will exhibit slower risetimes at elevated

1/2 Rard Brass

temperature.
MECHANICAL INFORMATION
#1 Pin At y.245 795
Beveled '____'——‘1 r—l
Corner ‘
o~
?
f MATERIAL: GF Nylon UL Rated 94v-D
T | | FINISH: Natural Black
= l 10 Typ- \.6 PINS: Gold over Nickel On

AADIATION DEVICES CO..INC. ® P.0.80Xx B4SO@BALTIHMORE MD. 21234 U.S.A. @(301)628-2240
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OPERATING CONSIDERATIONS

STANDARD CONFIGURATION

The FED-ID is a general purpose driver which can be used with any emitter requir-
ing any forward current to 300mA. Figure ! shows the use of the 100mA internal
Vimiting resistor while Figure 2 shows the connections necessary for using an ex-
ternal limiting resistor. FED-2D/3D/4D's are connected as shown in Figure 3 and
have fixed drive currents of 75mA.

BYPASSING

Bypassing the power supply at the module with a 220uf capacitor may be necessary
to minimize switching spikes on power supply lines.

STROBE (FED-10 ONLY)

The output may be disabled by pulling the strobe input (TTL compatible) low. If
not used the strobe pin is left unterminated. The strobe function is useful where
a single source of data must be linked to Several selectable data sinks.

ADJUSTABLE CURRENT (FED-1D ONLY)

Figure 2 shows the connections for a forward diode current (1g) other than 100mA.
R} should be non-inductive, have an adequate power rating and be chosen so that
If does not exceed the LED continuous forward current rating.

Ry = Vee = V¢ and PDgy=(Vec - Ve)lf
e
where:
Ry = load resistor (ohms)
Vcc = power supply voltage (volts)
V§ = LED forward voltage & I¢ (volts)

l¢g = LED forward current (amps)
POR} = power dissipation Ry (watts)

SELECTION OF EMITTER

The FED-1D, being a general purpose driver, does not require careful matching of
the emitter to the driver. However, LED's having large junction capacitances will
exhibit slow risetimes which will produce a non-symmetrical light output when the
FED~1D is driven by a square wave. The remaining modules in the FED series have
equal rise and fall times and careful matching of the driver to the emitter will
produce a3 symmetrical light output. Radiation Devices Co., Inc. will be happy to
assist in the selection of the proper driver or reconfigure the output circuity
of the FED modules to match any emitter.

ACCESSORIES

FIBERCOMT™™ FOT terminals, which accept FIBERCOMTM FOC cable assemblies, may be used
with metal cased T0-5 and T0-18 or T-1 3/4 plastic encapsulated devices. Complete
emitter assemblies matching the characteristics of the FED series modules are avail-
able as the FIBERCOMTM FOE series.

RADIATION DEVICES CO., INC.@®P.0.B0X 8450 @BALTIMORE MD. 21234 U.S5.A. @ {301)628-2240
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MODEL 6000 RECEIVER

FUNCTIONAL DESCRIPTION

A block diagram of the Model 6000 Receiver is shown in Figure 3.
The receiver contains a pigtailed detector, a pre-amplifier, post
amplifier/regenerator and ECL/TTL translator and buffers.

The detector used in the Model 6000 Receiver is a silicon PIN photo-
diode, which is operated in the photoconductive (current) mode with
a reverse bias of about 9 volts. At 850um, the operating wavelength
of the GaAlAs LED used in the Transmitter, the responsivity of the
detector is typically between 0.5 and 0.55 A/W.

The detector is interfaced to an AMP fiber optic connector via a pig-
tail of Maxlight SC-300B PCS fiber. The use of this large core (300um)
large NA (.41) fiber assures compatibility of the receiver with 200um
core PCS fibers with virtually no interconnection losses (less than
.5dB without index matching). Maxlight uses its FIBERSLEEVETM for
mating the fiber to the AMP connector, thus avoiding the common pro-
blems of "punch through” and centering that plague other PCS connection
techniques.

The photoinduced current provided by the detector is amplified and
converted into a voltage signal by a transimpedance amplifier. The
transimpedance amplifier is a low noise amplifier with a feedback
resistor of 22kN shunted by approximately .l7pF. To the first order
the value of Ry determines the gain and bandwidth of the pre-amp.

The combination of the detector and transimpedance amplifier yields

an output of approximately l0mv per microwatt. Since the noise limit-~
ed performance of the amplifier is less than .5uw, detector leakage
current and DC amplifier drift due to temperature, power supply, and
component aging become significant with respect to the desired signal.
Therefore, the transimpedance amplifier is capacitively coupled to

the post amplifier to eliminate these effects. One consequence of
this AC coupling technique is that the DC level of the output side

of the capacitor is a function of the duty cycle of the received
signal. This ordinarily necessitates an AGC circuit and variable
threshold comparator in order to maintain the optimum (mid value)
threshold for all amplitudes of received signals. In the Model 6000
Receiver, the threshold is fixed and is adjusted to be mid value for
50% duty cycle signals. This approach avoids the complexity and at-
tendant problems associated with the AGC approach. Another conse-
quence of AC coupling with the threshold adjusted to mid value (essen-
tially DC ground plus or minus bias currents) is that there is some
minimum signaling rate as well as some minimum average amplitude which
must be maintained or the capacitor will be discharged to a level with-
in the uncertainity region of the regenerator and noise will be gener-
ated on the outputs. The noise is manifested as edge or phase jitter.




The post amplifier/regenerator increases the amplitude of the signal
from the transimpedance amplifier to a usable level and then regen-~
erates the edges essentially by comparison to a fixed voltage thres-
hold (0.0v).

The post amp/regenerator is followed by translators/buffers that
convert the signal into standard logic family levels, namely ECL

and TTL. Both inverting and noninverting outputs are provided in

ECL and TTL compatible formats enabling the driving of differential
inputs at the user's interface. The ECL signals are internally pull-
ed down to -5v through 510.,1 resistors so that no external pulldown is
required. SO0l lines can be driven with the ECL outputs by AC coupling
into the coaxial line and terminating with 5001l at the user's interface.
The TTL outputs are industry compatible and will drive 10 standard TTL
loads.

INSTALLATION

All power and signal connections for the receiver are accessable at
the pins underneath the unit. These pins are 0.018 inches in dia-
meter and will plug into a universal wire wrap board or alternative-
ly the unit may be mounted on the user's PC board. 1In applications
where the unit is mounted other than top up or in applications with
excessive vibration, it is recommended that the unit be physically
secured by means other than the electrical pins. This may include
nylon cable ties or spot tie cord around the unit and PC mounting
board, or alternatively 2 screws may be removed from the bottom cov-
er and replaced with 2-56 screws which pass through the PC mounting
board and secure the unit to the board.

ELECTRICAL CONNECTIONS

The recommended connections for operation of the Model 6000 Receiver
are shown in Figure 4°.). In this configuration, the user supplies
t8vdc to $15vdc, and the receiver's internal regulators provide the
required i5vdc. While this implementation dissipates somewhat more
power, it is preferred where possible because of the isolation afford-
ed the sensitive, low level amplifier circuits.

Figure 4(b) illustrates the connection required for operation from ex-

ternally regulated +5v, -5.2v supplies. Additional components are nec-

essary to insure that the front end is minimally affected by power sup-

ply noise or transients. These components should be mounted as close

as physically possible to the respective pins and the load length kept |
very short.

GROUNDING AND SHIEDLING CONSIDERATIONS

Great care has been taken to insure that the receiver circuitry is
completely shielded from external E/M interference. The top and bot-
tom covers have been sealed to the nickel plated housing with a con-
ductive elastomer, and should not be removed. In order for the shield-
ing to be effective, it is very important that good grounding techniques
be used (I.E. #26 AWG wire as short as possible). Case ground and siu-

nal ground have been internally connected to provide the best necessary
shielding.
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THERMAL CONSIDERATIONS

The circuitry in the receiver is mounted over a 0.03l inch thick cop-
per heat sink which is thermally attached to the nickel plated housing.
This technique provides minimum thermal resistance to the ambient which
allows efficient removal of waste energy. The operation of the receiv-
er is specified over a case temperature of =20 to +50° C, so that in
some circumstances additional heat sinking and/or forced air cooling
may be required to maintain the case temperature below 50° C. In par-
ticular, mounting adjacent to other large heat dissipating components
or in small inclosed areas is not recommended unless consideration is
given to removal of excess heat.
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MODEL 6100 ELECTRICAL CONNECTIONS

FIGURE 4
\TTL
{ TTL
{ -8 to
TN
‘!7 lBJl?J_lSTlS 14 113 {12 [11 lm£ -15vdc
GND GMND GND GND TTL TTL -5.2-5,2-V
our IN IN
A i
2
+5 +5 +5
GND NC NC GND ECL ECL OUT IN 1IN

L 1 +3 to
1 2 3 4 H [ 7 ‘ 8 l 9 l — +15vdc

=CL
BCL

{(a) INTERNALLY REGULATED

TTL
TTL

> -5vd
é lBTl'lIlGLlS[ 144 13} 127 11[ 1n] -1uF$I$6-8uFV ¢

'-
GND GND GND GND TTL TTL ~5,2-5.2-V
OUT IN IN

AN

) +S +5 +v
GND NC NC GND ECL ECL OUT IN IN

1 21 SL 4 5 6 7I 8[ ‘Zl'I

(b) EXTERNALLY REGULATED
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INTERFACE CONSIDERATIONS

The Model 5000/6000 System essentially transfers binary digital in-
formation which is Intensity Modulated (IM) whereby the optical car-
rier is set to a maximum intensity to represent one binary state {("1"
or "mark") and a minimum intensity to represent the other binary state
(0" or "space"). The data which is presented to the transmitter to
be intensity modulated must be encoded by the user in such a manner

so as to insure the average intensity is % (I + Ininp!. that is to
say the data stream must have a 50% duty cycle.” Maxlight recommends
that phase or frequency coding techniques be used with the Model 5000/
6000 Systems. These include Bi-Phase L, Bi-Phase M, Bi-Phase S, Fre-
quency Shift Code and Frequency Shift Keying. The other techniques
described either do not have 50% duty factor or require three levels
of Intensity Modulation.

Considerable effort has been expended in developing suitable coding
techniques for the transmission and storage of binary digital in-
formation. Individual industries have evolved preferred techniques
to meet their particular requirements in the most cost effective
manner. For example, the telecommunication industry uses Non-Return
to Zero (NRZ) technigues and bipolar codes for most of their digital
lines, while the magnetic recording industry has generally used NR2
or Phase Encoding (PE) schemes. Figure 5 illustrates some of the
more commonly used codes.

In the NRZ(L) coding scheme, a binary "1" is represented by a high
level, while a binary "0" is represented by a low level. 1In the

NRZ (M) method, a level change is used to indicate a "1" (mark) and
no level change for a "0"; the NRZ(S) scheme is the same as NRZ (M)
except that a level change is used to describe "0" (space) and the
absence of a level change for a "1", Both of these examples of the
more general classification of NRZ(I) in which an inversion (level
change) is used to represent one of the binary digits and no inver-
sion delineates the other binary state. The NRZM and NRZS codes are
an effort to create transitions during long streams of either all
ones Or zeros, respectively. Other methods, not shown in the figure,
to provide transitions periodically include group coded recording
(GCR) techniques in which a group of N bits in the original NRZL
data stream are encoded to an M bit data stream such that there is
never more than two consecutive zeras or ones, which simplifies
clock decoding; however, a penalty is paid in bandwidth requirements.

The Non-Return to Zero representations allow maximum use of avail-
able bandwidth, but not without limitations. A clock must be regen-
erated at the receiving end, generally accomplished by phase lock
loop (PLL) techniques or by synchronizing an accurate high speed
clock to a start bit. NRZ inherently has a DC level which must be
transmitted or restored, and for optimum recovery of the data at the
receiver the comparator threshold must be variable.

Return to Zero(RZ) coding represents a "1" by a change to the high
level for one half of the bit interval, after which the level returns
to the low value for the remaining one half bit interval. A zero is
indicated by no change, i.e. the low level. This technique breaks

up long sequences of ones but requires twice the bandwidth of NRZL

in the worse case (all 1's).
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In the Manchester (Bi-Phase Level) code, a "1 is represented by a
high to low level transition at the center of the bit interval,
while a zero is represented by a low to high level transition.
Alternatively, Manchester may be viewed as one bit~-two bit (1B2B)
GCR technique whereby a one is represented by a "10" and a zero is
represented by a "01". In the Bi-Phase Mark (Bi-@-M) method, a sim-
ilar symmetrical representation is used except that a "1" is indi-
cated by no phase reversal. Bi-Phase-M is equivalent to Manchester

encoding of the NR2ZM data. 1In Bi-Phase Space (Bi-@-S) representation,

a zero is indicated by a phase reversal with respect to the previous
pbit's phase and a one is described by no phase reversal, this is
identical to Manchester encoding of NRZS data.

The PE techniques eliminate the variations in the average (DC)
value because of their symmetry and since there is at least one
transition per bit interval PE is inherently self clocking. Com-
pared with NRZ, though, the phase encoding schemes require twice
as much frequency response in the worse case. The worse case for
Manchester is for a data stream of all 1l's or all 0's, while the
Bi-Phase-M worse case is realized by all zeros and worse case for
Bi-Phase-S is all ones.

Frequency Shift Code (FSC) is a form of frequency modulation, where-
by a "1" is represented by a frequency equal to the bit rate, while
an "0" is indicated by a frequency equal to half of the bit rate.

FSC is similar to Manchester except that Manchester uses the direct-
ion of the center bit transition to indicate the binary data, while
in FSC any center bit transition indicates a one and no transition
represents a zero. The worse case pattern for FSC is all ones, while
the best case data stream is all zeros.

Frequency Shift Keying (FSK) is an extention of FSC in which two
frequencies, both of which are greater than the data rate, are "key-
ed" or gated depending on the binary data value. The example shown
in the figure represents a "1" by a frequency equal to twice the bit
rate and a "0" by a frequency equal to the bit rate. Both the FSC
and FSK coding techniques have 50% duty factors provided that the
frequencies used involve multiples of the bit rate to insure that
only full cycles of each frequency are included in the encoded data
stream.

Pulse Position Modulation (PPM) is a code in which the beginning of
each bit interval is marked by a pulse, and a "1" is represented by
another pulse 1/3 of a bit interval later, while a "0" is represented
by a pulse 2/3 of a bit interval after the sync pulse. PPM code has
a constant duty factor which is not necessarily equal to 50%. There
is no worse case data pattern for this type of code.

Pulse Width Modulation (PWM) is a code whereby the beginning of the
bit is marked by a positive transitions and a one is represented by a
return to the low level after 1/3 of a bit interval and a zero is
represented by return to low level after 2/3 of a bit interval. The
average or DC value of PWM is dependant on the data pattern. The
bandwidth required for PWM is essentially constant regardless of the
binary data pattern.
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‘ In the return to bias (RB) method, three levels are used "0", "1%,
| and a bias level. The bias level may be chosen either below or be-
i tween the other two levels (it may be zero reference as shown in
the figure). The waveform returns to the bias level during the
last half of the bit interval. The RB method has an advantage in
being self clocking, since the clock is easily derived using an
absolute value generator. However, the average value of the wave- "
form depends on the particular proportion of ones and zeros present i
b in the data stream. The RB representation also takes more bandwidth ;
than necessary and it uses three levels. i

In Alternate Mark Inversion (AMI) the first binary one is represented
. by a “+1*, the second by a "-1", the third by "+1", etc. The AMI :
i representation is easily derived from a RZ binary code by alternately
2 inverting the ones. It has zero average value and is widely used in
e telephone PCM systems.

Split Phase Bi-Polar (SPBP) is a Bi-Polar version of Bi-Phase-L. The
Lo clock is very easily derived from SPBP code and has the advantage of
having a 50% duty factor. However, this code requires excessive band-
width and utilizes three levels.
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FIGURE S
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Applications Note: Jperazicn of Digital Skini-DIP Links

1. General

MERET Skini-21. 2otical data links (MDL4700-SKP Series, digital}
comprise nign-ianjection efficiency [R-LED's with integral drivers,
and PIN pnotogicdes with two cascaded transimpedance amplifiers.

2. Transmitter

external resistor is required to 1imit the forward currert through
LED. This resistor,. Raxts should be in the range of 20Q to 100Q,
a bias voltage of +5V. EA recommended value is 75Q low forward cu

voltage to be extremely well by passed; that is, a 15uf capacitor
to Raxt-

Pin 10 (+5V supply to TiL ariver) and Rexy may be connected to a
+5V. Note that no connectians are necessary to pin 3 (LED cathode
which may be used as a converiant test point for checking operatio
the driver.

If the digita’ transmitter is to be operated under conditions wher

of the Skini-DIP package. The flange may be used for mounting to
board if adesired). Note that average current, and thus, power dis
is a function of three variables: forward bias voltage, duty cycl
input signal, and Rext. Therefore, if an average 50% duty cycle s
is applied to the input, and the bias voltage is +5V through R, .
of less. 1 heat sink should be used (see Fig.4 on MDL4777-SKP Sgta

]
/X\ ERET, inc.
Specialists in Optical Commum(:alicmlj

Skini-DIP links with digital transmitters are TTL-compatible, emitting
light at logic "0" levels, and turning off at logic "1" levels. One

the
for
rrent

ensured long LED lifetime). It is necessary for the forward LED bias

should

be placed from the power supply to ground, directly at the connection

common

)!

n of

]

averdge ~urrent drain is in excess of 50 mA, the unit should be operate+
with the aeat sink attached. {The U-shaped heat sink slips over the “or

E R
siation,
e a7
ignat

of 500

sheet).
3. Receiv

Skini-2'3 ~e - -, :tiiize 2IN photodiodes coupled to two cascaded ampli-
fiers .~ - ‘... =notodicde bias is positive and may be tied to
the ~12 L 2= oin 4 if high frecuenty response is not crit-
ical. D ! - . -onnected internally).
Receiver gain may -: saried dy attacning an external resistor between pins «
3 and 10. {Gain is ‘actory set atX1.6 with internal coupling resistor
equal to Zk 2). Second stage gain is described by the equation

_ 8K

6= Re
where Rc, the counling resistance zan be found by _L 11
®C *

5000 Rext
_1815 - 24th Street. Santa Monica, Ca. 90404 ® (213) 828-7496 » TELEX: 65-2468 SNM




page 2: Applications Note (Cigital Swini-DI% _inks.

Trhe first stage output gives a responsivity of 4 mV/uW at 900 nm.

Digital receivers are sucplied with a 13008 signal processor (in
stancard JIP) which restores the outout to T7L levels. I'3ual out-
i put is taken from cin 7 of the Skin -DIP trrougn @ .Cluf -zpacitor,
l and into pin 1 of tne 1300t :ignal processor. The 1300& cperates
on an edge-triggering scheme so that the signal may be coupled
through a capacitor without losing the capability of responding to
0C or low frequency signals. Thresholds are typically 30 mv,

An external resistor {Rext) is reaquired betweer yins 4 and 13 of

the 13008. Its purpose is i~ drop the +12 :.czlv veltage at pin

13 to a +5V supply at pin 4. Tnis recicior i~ 4id 42 in the range
of 175 to 200%. An external zerer adicce <.cm z3 a 1%53233) may be
inserted inplace of the res’stor -¢ jrov e = -int soli:-ge drop
to pin 4. HNote that Loth units a1 £2 DEra” " O The tane +12Y
supply line since the Skini-DiP and tne I13C0€ - -:znal oro c<sor nave
internal decoupling circuits. Pin 4 of tne Skini-UIP and pin 13

of signal processor should be tied in common to the +12V supply line.

A1l supply voltages to the 13008 must be fairly "clean" to avoid
false triggering. If there is noise on the supply lines, a .0luf
capacitor to ground is recommended for by passing the supply voltages
at pins 2,4 and 13 of the 13008.

- -
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x SPECIPOMES  5580m o

i Adivision of Honeywell

FEATURES

® 10K bits to 10M bit/sec data rates (Manchester)
® No shielding required

* Couples 10 wide variety of fibers

® Qperation on single 5V supply

® Wide dynamic range {28dB)

® Versatile mounting options

¢ TTL compatible output

® Matched to SPX 4140 Transmitter Module

DESCRIPTION

The SPX 4141 receiver module comprises a
complete optical receiver for digital point-to point
data transmission systems. Input data must be
encoded such that its short-term average value is
constant, and average duty cycle is fifty percent.
Typical implementations of basic Manchester

: encoding will meet these conditions although
’ certain other coding and formatting options are PACKAGE CONFIGURATION
also satisfactory. s22: 13
» The receiver’s PIN diode is integrated into an g 1248 005
' SMA style optical connector and efficiently | 123+ 13
! couples to a wide variety of plastic or glass fibers. Dodded
F l' Peak responsivity occurs at 820nm. 1713 5 00%)
; Full internal power supply regulation and . __!’s 1e 13
automatic gain control is provided allowing 1242 = 005)
adjustment-free operation over the full operating 89
temperature range. The output is TTL buffered et s NoTE
for direct logic interface. {51 = OSDHA into module s .060. b
1020 = 0004 A\ Maximum recommended panel
thickness s 125"

25N
100
000
a1:28
(182 = 010}
I 0521
l l l I | 1257 = 0081
> rgage
(szasomunsz:/ — a3 A
79 | F :—-I = 1™ 0™ %om
(IDI2UNS2A o N g - e
N SR 3T
o2 ] Y ad
] o% 8
= 8

DIMENSIONS IN MILLIMETERS (INCHES)

G v —————
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Specironics

Adivision of Honeywell

ABSOLUTE MAXIMUM RATINGS FUNCTIONAL
SPX 4141 OIAGRAM AND
Storage Temperature -55%0 +150°C PIN CONNECTIONS
Case Operating Temperature, TC 0 t0 95°C
Lead Solder Temperature 260°C
(10 seconds)
Supply Voltage, Vec 7 Volts
Detector Bias Supply 30 Volts
OPERATING CONDITIONS
PARAMETER SYMBOL Min Max UNITS
Case Temperature Tc 0 95° °c
Supply Voitage Voo 4.75 5.25 Volts
Logic Output
Termmnat Loading > lo 16 mA
Average input Power SPX4141-Y [ J0 p)] MW
SPX4141-2 400 250 uwW
Detector Bias Vglag 4.75 25 Volts
NOTES:
5. The receiver output will drive 10 TTL loads but the sensitivity of the recaiver is recuced as the load is increased from 2 TTL
loads and will no longer at the spe i um sverage optics! input power (P},
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Specironics

Adivision of Honeywell

ELECTRO-OPTICAL CHARACTERISTICS

PARAMETER SYMBOL Min Typ Max UNITS
High Level Logic Vo 24 Voits '
. utput Voitage .
! Low Level L
! ! ogIc V, 4 Volts
; ! Output Voltage o
»
' Short Cirgunt losc -5 ma
: Logrc Output’ “
Supply Current Iee 48 55 L mA
Logic Output A
elay Time?, 2 - s ;
Low-ta-High oM S ns
High-to-Low 'Q:H.L: 5 30 50 L ns
Logrc Qutput }
ransition Time )
Low-to-High 1 7 10 ‘ ns
. High-to-Low 14 2 10 ns
: Logic Output Pulse DL 0 7 ] ns
Wigth Distortion® —lpgH-1) .
Logic Qutput 3 ns
3 Edge Jinter

NoTES
1 Specified Current Hows QuniNg momentary connection to GND whie mput
Mmmmwmmwmmnvm

2 specitied ars averages for a penook signal H
3 Delay mes decreasa with (Craasing \nput Opical power g
4 Input pOwer at 10MD/s (Manchester)
for spacihed eage siter
PARAMETER | SYMBOL | Min | Typ [Max JUNITS]  §
Optical Aperture 300 | um
Diameter K
Numaencal Apenure NA 25 §
Peak Responsivity Ap 820 nm g
Wavelength E
gk\
4
TEST LOAD CIRCUIT
veo r
® :
L) i
FROM
LOGIC QUTPUT
OF SPX 4141 :
G —= :

ngves

1 Snunt inout capacitance to GND) of test
CHCut (NCIOING S11aYS BIC )15 )

2 Al cioaes are fype NG 14 of eQuivaient

|
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Spectronics

Adivision of Honeywell

APPLICATION
RECOMMENDATIONS
Mounting Considerations

| P.C. Bosrd Mounting
No special shielding is needed except the
: mounting screws should be used to hold the
module to the printed circuit board and these
mounting screws should be grounded to the
printed circuit board ground.
. Warning
‘ Care shouid be taken that the mounting
screws do not extend into the module beyond the
maximum allowed penetration depth of .060
inches. Damage may result to components
inside modute if penetration is beyond the
maximum allowed penetration depth.
TTL GND and GND pins shouid be tied
- together at pins on the printed circuit board.
Panel Mounting
i Recommended maximum panel thickness,
| 125" Inside the receiver module, the
H ground is tied to the module metal housing.
I1f a number of receiver modules are panel
mounted a ground loop problem may exist.
To avoid this problem the receiver module
\, should be eiectrically isolated from the panel
with insulating washers to avoid ground loops.

i
'

A of

110 - 0229 - 000 830 £- Arapaho. Richardson. Texas 75081
Printed in U.§.4, 7-80 (214) 2344271 Telex 73—0890
4
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Specironics

Adivision of Honeywell

FEATURES

o Precision SMA-type intertace for efficient
coupling

o Comprehensive selection of device types
available

© Compatible with singie and muitifiber cables

e Component electrically isoiated from case

® Recessed back for socket clearance

DESCRIPTION

The SPX 3180 and 3190 senes consists of two
types ot Amphenol 905 precision opticat
receptacles with a permanently mounted LED or
photosensor The receptacles are easity
mounted on a moduie case. enciosure panel
or printed circuit board The units provide
electro-opucal signal conversion in a fiber optic
data hnk or data bus system Both receptacies
are plated for good heat sinking. shietding
and dimensional stabilty

DEVICES AVAILABLE FOR
INTEGRATION INTO RECEPTACLES:
LED’s

SE 1450

SE 3352 Single Fiber LED

SE 3353 Bundie Fiber LED

Photosensors

SD 1420 Photodiode

SD 3478 PIN photodiode

SD 1440 Phototransistor

SD 1410 Photodarlington

SD 3322 PIN photodiode

SD 3323 DC/1 MHz Detector
SD 3324 Schmitt Detector

ABSOLUTE MAXIMUM RATINGS
(Tease = 25°C unless otherwise specified)

SPX-3180, 3190

OPTOELECTRONIC COMPONENTS

IN FIBER OPTIC RECEPTACLES

1 . T R i . T N
3 : L2 ?

4

5

1 6 ] < 8 8 s

Storaoe

Turmperature

|
85,0 160 | 30/ + 50

- 4

Doerat ng

Tam eyt

P

6%« 110 3QreRG <

¥
2004025 550

b
Wer0 | 65+

e

4

+45,4160 490

R — — e e
Peax t.rwara |
0 )
Catrant
o . .
Revarte
5 1
P
e | b
ower ; !
Dupoaton | ! |
i i

"0 ! 65/ 29 40,

—— .
1
!

1:)‘ 65!;;:;5] s
o
S
R
!

*%0
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Specironics

Adivision of Honeywell

TYPICAL ELECTRICAL/OPTICAL CHARACTERISTICS (T ..., - 26°C)

DEVICE NO. POWER COUPLED TEST CONDITION SOLID FIBER DIAMETER
SPX 3180, 3190 0.1 mW L= S50mA.NA= 66 114mm
SPX 3181,3191 0.7 mW L= 100mA NA = 24 114 mm
SPX3188.3198 1006 W i = 100mA NA= 34 100 wrm
DEVICE NO. LIGHT CURRENT TEST CONDITION SOLID FIBER DIAMETER
SPX 3183, 3153 BuA P= S0uW NA= 66 T 1amm
SPX 31843194 B 4A P =50uW NA= 24 1 Tamm
SPX 3186, 3196 2maA P.= S0\ NA = 66. 1 14mm
SPX 3187.3197 8mA P.= SQuW NA = 66. 1 14mm
SPX 3189,3199 12uA P.=S0uWNA= 34 100 urm
PACKAGE OUTLINES
|
| aem
¥
1" |°'m 1 + Jl.
e H== &
4 -23 ‘ we
- 196 - - 2.38 DIA
(2HOLES)

4]




N Spectronics

Adivision of Honeywell

ORDERING INFORMATION

Salect the device best suited for the particular application based
on parameters snown in this dsta sheet and in component data sheets.
Detailed charactensticg for the available opto devices are listed in
separate data sheets. Contact your Spectronics representative for this
information. To order receptacies, complete part numbers are deter-

[
mined as follows: i
SPX —XXXX —YYY :
UNMOQUNTED MOUNTED COMPONENT
COMPONENT ASSEMBLY
Flange Mount PC Mount
SE-1450 LED SPX 3180 3190
SE-3353 Bundle LED 3181 3191
SD-3324 Schmitt Detector 3182 3192
SP-1420 Photodioge 3183 3193
SD-3478 PIN Photodigde 3184 3194
SD-3323 DC/1 MH: Detector 3185 3195
SD-1440 Phototransistor | 3186 3196
SD-1410 Photodariington 3187 3197
SD-3352 Singie Fiber LED 3188 3198
$D-3322 PIN Photodiode 3189 3199
CABLES

Spectronics also has avaiable five types of fiber optic
cables in user specified lengths, terminated in 305 compatible
connectors. The part numbers for these cables are determined

as follows: :

CABLE TYPE SPX PART NO. }

ITT T433 SPX-4029-XYZ Mo f

Galileo Galite 2000 ;

tyoe 200T SPX-3131-XYZ Notwe i
ITT T485 SPX-4539-XYZ Now
Siecor # 142 (single tiber) SPX-3582-X Y Z Note
Siecor # 133 SPX-4577-XYZ Note

For pricing information, contact a Spectromcs representative.

NOTER:
XYZ specifies tength where XY are significant digits in centimeters
ana Z 1s power of ten muitipher

ORDERING INFORMATION

Dash numbers (YYY) are the same as those assigned to
the component mounted in receptacie. Assemblies shouid
be ordered with dash number of desired component

AXAMPLE:
An SE 3352-003 n aflange would be as
an SPX 3188-003
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E.AASE M
= 1§ =0 =3

240 uw TYPICAL OPTICAL POWER
IN THE CORE OF THE FIBER PIGTAIL

. 40 MHZ OPYICAL POWER BANDWIOTH
i 820 nm PEAK EMISSION WAVELENGTH
‘ CUSTOM DEVICES AVAILABLE

Charactenstcs & Maximum Ratings al 27°C

Symbol Min, TW: —M; o Units
Total Optical Power Output at 100 MA D.C.
(Power into Fiber Core * IRE-160 Po 200 300 uw
with Cladding Modes e T T T T ran  oan T T -
Stripped) IRE-160FA POk ver _1,_80.___ 240 L uw
*** IRE-160FB POc.ver 40 50 W
Forward Current D.C. loc 100 150 ma
Pulsed o
{1u sec. 105PRF) [ 750 ma
Voltage Forward at 100 MA D.C. Ve 20 voits
Reverse Va 30 volts
Peak Wavelength of Emission AP bolow 820 borw nm
) Spectral Width (50% points) o Aa T a0 0 nm
Bandwidth — Optical Power 3db points
le= 20 ma D C.. 20 ma peak-10-peak 40 Mrz
Rise Time of Optical Flux '—T, - T 14 T20” ns
Ope[almg & Storage Temperature T -a0 -85 C
" IRE.160 — Without Fiber Pigtad with Exposed Emiting Surtace
o 17 Halt Angle
* IRE-160FA — With 0 48NA 100,,m Core. 125.m O D Step index
an Glass Fiber Pigtait
** IRE-160FB —~ With 0 22 NA 55.m Core 125.m O D Graded Index
atl Glass Fiber Pigiant
W g S gt 18 805 nm ang 4
835 nm Wavelengtng from 790 nm to 880 nm

are svaiabie on special arder
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RELATIVE POWER DUTPLT v, DRIVE CURRENT

RELATIVE POWER QUTPUT 3 MODULATION FREQUEN
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i o} 060 152 Laser Diode Laboratanes. inc. reserves the right to make such changes
X € 275 698 at any ime as deemed practical and or necessary to Improve design and
| F 005 12 to supply the best possible product.
[ G 15 292 Information prowided is beheved at this ime to be accurate and reliable.
. " 00 1270 No responsibility 1s assumed for its use. nor for any infrngements on the
nghts of others
| 330 838
J 1200 304 80
K 100 2540
L 155 393
M 098 2.48 LA mEre
Y 040 101 DI D EE
Lo 006 125

LABORATORIES. INC

1130 Somerset Street. New Brunswick, New Jersey 08901
Tet 201-249-7000 « TWX 710-998-0597 * A Submckary ot VALTEC Corporation
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CMOS .-255 law ;4

CODEC set Siieenix
designed for . BENEFITS | i

® Minimizes System Power Requirements
-3 Standby Power 11 mW Typ

~ Typical Power 80 mwW

Reduces External Comp Requi
Reduces System Costs

Easily lnterfaced

Elimi Ch T ik Probk

P

8 Channel Banks
B Central Offices and PABXs
Eliminates External Signalling Logic

. Mimm 'mm‘ No Externai Zero Codc Supprassion Required
B Remote Data Acquisition Systems | [educd Svaten Nots Proslems

) No Externsl Sampie and Hold or MUX
- . Required
. Audio D"ay le No Additional Logic Required for Extended
Bandwidth Applications
= 3.5 to 9 KHz Bandwidth Possible With
Clock Frequency From 1.25 to 3.0 MHz

DF331A DF332A DF334A

DESCR¥ Y L
The Dr331A swderl is an A/D converter which has a transfer characteristic conforming to the telecommunication industry
H-23Y Taw. Its eounterpart, the DF332A or DF334A (decoder) is a D/A converter which also conforms to the u4-255 law.

Together *he DF331A and DF332A or DF331A and DF334A form a CODEC (coder-decoder set) which is designed to meet
the needs ~f the telecommunications industry for per channel voice frequency CODECs used in PCM Channel Bank and
8X systems. Digitai output and input of the coder and decoder s in serial format Actual transmission and reception of

{ 8-bit data words containing the analog information is typically done at 3 1. 544 megabit/sec rate with analog signal sampling ]

! occurring at an 8 KHz rate. A sync pulse input pin is provided for synchronizing transmission and reception of mult:-
; ' channel information being muitiplexed over a singie transmission line. The DF332A and DF334A difter in the output
device for the A/B signal output pins, refer to the Functional Description. The devices have TTL loqic input levets of 0.6 V
and 3.4 V that are compatibie with TTL logic using a pullup resistor to +5 V., they directly interface to CMOS logic.

-

FUNCTIONAL BLOCK DIAGRAMS PIN CONFIGURATIONS
copamaton Ouat in-Line Pockapn
semaeer l go—u-vu ne
anas oc om0 [7] [ vewe
e = {5 204 3 L nonay &
vaee (5] 3 Seian w
LY Bhl
PLASTIC DiP

ORDER NUMBER: DF3I1ACY
SEE PACKAGE 7
CERAMIC DI*
ORDER NUMBER: DFI3tACP
SEE PACKAGE ¢

g o
comver @] % B sanon
0 womay auY E O s 3 AL w0

« nanay ot & [3] »«

\v-v. 3.

PLASTIC DIP
ORDER NUMABER: DF332ACJ, DF334ACS
SEE PACKAGE 7

- CERAMIC DIP
OF332A, DF34A ORDER NUMBER: DE3J2ACP, DF33ACH
Figure 1 SEE PACKAGE 11
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r

: ABSOLUTE MAXIMUM RATINGS g
'
' Vin (Digitat Inputs) . . =03V, SV, <+V+03V Vo (Digital Output) DF331A, DF334A . | —0.3VEV,K15V 8
. Vin (Analog Inputs) . L=V 03V, KV S+V 03V Va/g Signat Qut DF332A. | . +VH03V 2V, 2-75V | Zg
o W L .. 0K+V&ENY Operating Temperature . . . . . . 0w°c| P
{ -v ) . .. . .-11VK-VK0  Storage Temperature . . . . . . . —5510+125°C
! +Viet e VRV K Y Power Dissipation . . oo . .. 450 mW g
§ Vgt - - o VKV KV Derate 6.5 mW/°C above 25°C 8
' t Absolute Maximum Ratings are stress lim:ts only. Exceeding these iimits may cause device di Electrcal Ch 1stics defing the N
functional operating Limts. ’
? ELECTRICAL CHARACTERISTICS g
: All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters to assure conformance with specifi-
! i cations.
+ ’
" Ta=28°C Yost Conditions, Ses Note 2
. . Clock = 1.544 MHz, Sempie Rate = 8 KHz,
? Charscteristic Min | Typ Max | UM | cverSV. Vw30V, -Ve-T5V,
‘ Note 1 “Vigt* 3.0V, R = 8200, C = 125pF
| DC Charsctarmtics DF331A (Codeel
f 1 tin (Analog) Analog Input Current [ X3 mA See Note 1
et
.‘ 2 lin|, {Clock) Clock Input Low Current -0 -100
] —1 1 VIN=O -
, I[N | Ling (Svac) Svnc nput Low Current -0 -100 (1)
—1r nA -
. 4 v LhnH {Clock)  Clock Input High Current 01 100 o
[— VIN®"75V o
' S| T | lLinW (Syne) Sync Input High Current 0.2 100 °
ﬂ S
[ Rin (Ansiog) Ansiog Input Serves Resistance 1 K 3
I Prasent During Sampling Time Only
» 7 Cin (Ansiog) Anslog input Series Capacitance 200 oF 5
y ' 8 Votfset Anaslog ingut Offset Voitage S 10 mv g
! 9 ° Co (Diginal) Digitat Output Capacitance 3 of Vo=75V zo
’ 10| u | vou Digitat Output Low Voitage 0.3 05 ioL =3mA a
—t v -
1" Vou imax) Digreal Output High Voitage 12 1o = 10 A a'
12 Vv Positive Supply Current 25 6 Clock = 1.544 MHz 3
13 " Negative Supply Current -2 - Sample Rate = 8 KHz »
— - mA
140y | I swaby Standby Positive Supply Current 06
— p - Analog Ground (Pin 3) Open
15 t stdby Standby Negative Supply Current -0.05
— P
18| L Supply Tolerance £10 %
Y >
1?7 frat Positive Reference Current 35
1 - uA Average Current See Note 3
8 tret Negative Reference Current -35
AC Characteristies DF331A (Coder)
19 tgg! Sync 10 Clock Delay Time 100
0 tdion) Digrtat Qutput to Sync Delay Time 7% 130
—
21 tdloff) Digrtal Output to Sync Delsy Time 165 220
—
2] p | tabr Digital Output to Clock Delsy Time 65 130 See Figure 2
t—d
2|Y tdbf Digital Qutput to Clock Delay Time 70 130 ny
S—
r AW tto Drgreal Output Fail Time 65 130
M Cy_ = 100 pF
25 ' tro Digital Output Rise Time 175 250
re—
26| C | 14 trrn) A/B Signaling Input Setup Time 200
P See Figure 4
27 gy (Min) A/B Setect Setup Time 1000
} WA A
8 oc, Clock Duty Cycie 30 70 %
i €
Complete A/D Conversion
» teonv (Sampling, Data Storage. Resetting) 168 | clocks
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ELECTRICAL CHARACTERISTICS (Cont'd)

All DC parameters are 100% tested at 25°C. Lots are sampls-tested for AC parameters to assure conformance with specifi-
cations.

P o (s

DF331A DF332A DF334A

G

Y

e

Ta=25C Tam Conditrons_ Ses New 2
Charsesermatic Ut VATV, Ve-75V Vo0V,
Mun Tvp Max Viet * -30 V. Clock = 1.546 MN:,
Nots 1 Svnc » § KMz Porvod, § Cloch Pulem Viwle
OC Charscwristies DF332A, DF3I34A (Oscoder)
1| 1 | WL tLoger  Digutat Inguts Low Current 01 100 V"0 -
21 N1 Lo (Lome)  Digutat 1nputs Hogh Current ot 100 na Vin* 78V
k) gy, {Sgnating) A8 Output Low Current 1 100 VoL "0
oL e = DF324 Oniy oL
4 oM iSnshingt A8 Output vhgh Current o2 05 mA Von 65V
Vo imaxi
13 o (signaveq A/8 Outout High Voitage 12 (YRR TN
v OF 3344 Oniy v
6 T VoL iSgnsiingl A/B Output Low Voltage 03 0s oL = 15mA
? C Angiog) Analog Output Load Capscitence 100 oF
8 Ry tARaIOgH Ansiog Output Seres Resistance 50 150 ke See Input/Output Schematicy See Note &
9 Vottser Anaiog Output Offset Voitage 50 100 myv
10 " Powtive Suoplv Currant 1% 8
1 " Nagative Supply Current 25 ?
s - P ma
12|yt o Stanany Positive Suppiv Current [J
. [tiony Anplog Ground (P 10) Open
13 . i staby Standby Negative Supoly Current 007
141 L Supply Tolevance -10 %
v
15 tet” Positive Reterence Current 3%
-A Average Currant See Note 3
16 legt Negative Reference Current 38
AC Chasactarnucs OF 3324, DFIJAA (Decoder)
17 Ty Sync to Clock Deiay Tine 5 450
1L e Clock to Sync Oeigy Tome 10 Ses Figure 3
19 Usq Data to Clock Setup T.me 100 s
D[ r'gey tmim} A0 Setect Setuo Time 1000
20| See Frgure §
N va A/B Output Delay Time k] 10 t
| Afrgg Anaiog Ouiput 10 Sync Oslay Tine 15 See Figure 3
- 3
22 4 | Stew’ 3V 10 +3 V Anaiog Output Stew Rate 5
c Vias C = 100 0F
23 Slew *3 V10 -3 V Analog Output Stew Rate 5
24 Drooco Anaiog Qutput Oroop Rate 00 “lus
. Comptete D/A Converyion {from Dats tnput,
B "eanv to Anglog Outout and Internal Resetting) 39 | clock
System Charasternstecs, Por Individual Port: DF3I3TA, DF33ZA, DFI3eA
2 Swynsl 10 Total Distortion  Totat of 15 39 Phe0to 30AdBMO
Quantizing Nose, Therms! Nowe snd
27 S/0 > with Input 30 4 Pn = 40 9BmO
28 and C Message Weghting Filter Se¢ Note § 2% 10 P 45 0BmO
tin * 1020 M2
Ars 028} 015 | 0B ao om0 209870 | .308mo - 3V Pee
0l Y Gan Tracking Deviation of Gan from _os| ‘015 05 P, = 40t0 -50 GBmO | ‘1o Coder
s |Gy 0 d8mO 1nput Sinusowdal Signai
M| 16{ 0285 | =18 P, = -50 to -55 0BmMO
M Deviation of Gan trom —10 gBmO. 02| 01 [-028 P, * -10 to -5 dBmO
White Noise Source Signal tnput —05 .02 s P« =55 to —60 dBMO
idis Channet Nowe Coder (DF331A1 to
32 Nic Decoder {DF332A or DF334A1 of Known 12 15 Vin "0
Quiet Code Outout
d8rncO
Quiet Code Qutout Output of Decoder
33 Nac (OF332A or DF334A) for +0 V Eaqurvaient 10 12 Dwitat tn = At 17" (Corresponds to +0 V Input)
Ouptst input Coder
NOTES
1 Tymical vatues sre tor Dasgn Ard anly and nnt subsect t0 Production testing DF331A (CBL-Il
2 Vi 234V iorioge "t Vin < 8 V for logee 07 tor toge nput tevels OF332A ICBMALA
3 Pesk currents of up ta 2 MA occur during reconstructron of Angiog Outout and during encoding of Ansiog Input DF334A ICBMII 8
4 yseof al0d A 10K (2 10 avord output
5 Specitications are tor pae (coder and decoger!
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DF331A DF332A DF334A

FUNCTIONAL DESCRIPTION

Analog Input (Coder DF331A): The log input p
signals which have peak amplitudes less than the value of
the volitage references, and which are bandlimited to less
than 1/2 of the CODEC sample rate.

Digital Output (Coder DF331A): The digital output of the
encoder is an 8-bit serial bit stream which is a sign-plus-
magnitude binary representation of the analog input. This
output is an open drain N-channel output, which allows
far easy wire-OR multiplexing.

Sync input (Coder and Decoder): The sync input accepts
a sync puise which should be 8 clock periods wide. The
period of the sync pulse sets the sample rate. The sync
pulse causes the encoder to serially shift its digital output
data out at a rate equal to that of the clock, and it causes
the decoder to accept the serial digital data.

Clock Input {Coder and Decoder): The clock input accepts
a clocking signal which sets the data transmission rate for
the CODEC, and also provides the clocking of the internal
CODEC logic. Typical clock rate is 1.544 MHz.

Digital input {Decoder DF332A, DF334A): The digital
input accepts the 8-bit serial data output of the encoder
upon reception of the sync puise.

Ansiog Output (Decoder DF332A, DF334A): The analog
output of the decoder is in the form of voltage steps
having a width equal to the inverse of the sampie rate,
with amplitude equal to the value of the sample of the
signal taken at the encoder anajog input.

INPUT-OUTPUT CIRCUIT SCHEMATICS

Ref Volitage Inputs (Coder and Decoder): Positive
and negative DC reference voltages are required for both
encoding and decoding. The maximum analog signal swing
is set by the reference voitages.

Signaling Inputs and A/B Select (Coder DF331A): Two
signaling inputs A and B are provided on the encoder
allowing insertion of digital signaling data into the trans-
mitted bit stream, which allows telecommunications users
to transmit digital signaling information along with the
data stream. When signaling is enabled, the voice signal s
encoded with only 7 bits, the 8th bit being used for
signaling. The signaling function is enabled by the applica-
tion of a transition to the A/B select input. A positive
transition at the A/B select input will insert the data at the
A input into the 8th bit (the LSB) position in the trans-
mitted word, whereas a negative transition will insert the
data at the B input inta the 8th bit position in the trans.
mitted word. Refer to the timing diagram in Figure 4. To
disable signaling function, simply tie the A/B select input
to logic high or low, so that no transitions appear.

Signaling Outputs and A/B Select (Decoder DF332A,
DF334A): Two autputs are provided on the decoder
to output the signaling data. Application of a positive
transition to the A/B select input places the Bth bit {the
LSB) of the transmitted word at the A signaling output.
Application of a negative transition to the A/B seiect
input places the LSB at the B signaling output. These
outputs are open drain P.channel outputs on the DF332A
and are open drain N-channel outputs on the DF334A.
Refer to output schematic for configuration, and to Figure
5 for timing waveforms.

Analog Input (DF331A) Digital Output (DF331A) Digital Inputs
.L—__ — j—ooima our Sy s 0— —_
-
ANALOG N O—9 ——
Row CAPACITIVE = W
I ARRAY

A/B Signaling Qutputs (DF332A, DF334A)

Reference Inputs

Anaiog Output (DF332A. DF334A)

DEXNIA
o~
—1#_ w
L"o A.B SIGNALING OUTMYTS

*Vaer O]
-Vaer O—1

CAPACITIVE
I ARRAY

OFIMA
{ ) A/8 SIGNALING QUTPUTS. —0 ::.‘I.‘Oio our
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]
TYPICAL CHARACTERISTICS Positive and Negative g
Supply Current 8
DF331A u-Law Coder Transter DF332A u-Law Decoder Transier vs Temperature “
Characteristic Characteristic DFI3A >
7 : 11T A T vy
T 3
i I ERSAEREEN ——r ] | 9
] 251 3 ! 3 o + ~ *
" 1 a1 H —+ £ iy, I 8
5 i ; T 5 0 s z ve bl | NG K o
§ e i § o I+ DOL . E { POSITIVE CURRENT ; T >
2 v e 1 g aaun oY L~
g = v/ sussnseanunsss S SN e NI R | -
il ‘_i [} )6 -2 . = g |rEGATIVE CURRENT ) n
o B TN
s = i TS
2 -2 v e vz §§l e % % wuj;w % >
! Vin - ANALOG INPUTS (VOLTS) it TEMPERATURE ( Ci
OIGITAL INPUTS
3
Normalized Input Offset Digital Output Low Current Digital Qutput Low Voltage -4
vs Temperature vs Temperature vs Temperature )
DF331A DF331A DF331A ;
13 o4
ey “ | il R ™ ' o
i 12 7 oty £ L osv I
s € N g Ve-78V [ B g
- 1 H | - 03
3 & 10 g ;
T £ A g =t F
, o2 ! 2 H T 3
K 2 N F. 5 LA 1o -
LYY s o2 L — [a]
{ H 3 \ 3 | + — a
! z N 2 N . | ! s b ‘1 -
' B ]l F T |
£ o, h o l l I ‘ i 3
0 10 0 0 40 W 0 0 0 0 W0 20 30 6 S50 8 70 %0 W ) 0 10 20 30 4 S0 60 0 M0 W (7]
T - TEMPERATURE £C) T - TEMPERATURE (‘C) T - TEMPERATURE ("C! “
Positive and Negative A/B Signaling
Supply Current A/B Signaling Output Current Digital Output Low Current
vs Temperature vs VOH and Temperature vs Temperature
DF332A, DF334A DF332A Oniy DF334A
£Y] 2000 iy 50 T ] v Y ]
wee 1900 Ve-78 !
2 as ~;->;:: ~ T 100 | ' < — 1 ! ey
g N 1o o ) 548 MME 3 el Vom-ov E ! v Ve-75v
3 o i ] g oo
H POSITIVE CURRENT™ g 1200 ! § f i \ |
3 s .2. 1000 VoM "5V : ] +
z ™~ £ oo H .
§ 20T e e~
< 28 NEGATIV cu\nnr\4 ; 400 5 ! ‘ \‘\Tﬁ-
_1 ~y 0 Vouerv = ‘ MR ] I
IR " 1 NEREREEEEN
0 10 20 30 49 S0 60 0 0 90 0 10 20 XN & 5 & 0 2 0 W 20 3 &0 0 & 0 w W
TEMPERATURE ('C) T - TEMPERATURE I°C) T - TEMPERATURE ('C)
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vs Input Level
DF331A/DF332A or DF331A/DF334A Pair

$ %
- m T
P ety 1
@ L = 1020 Mz —i.
3 o Tammc S
¢ IR !
K . || A TYPICAL PERFORMANCE
)’ 1 |
3 ][ AT srec LT
s » {
z I !
i -
» N
H )'[ 1
f x R I
4 T a8 -3 -8 -t -5 ¢

Vigg - INPUT SIGNAL LEVEL (0BmO}

SSPECIFICATION LIMITS FROM A.TT CMANNEL BANK 0-3 SPEC

APPLICATIONS INFORMATION

Positive and negative voitage references should be bypassed
to anailog ground with a 10 uF capacitor to supply the peak
currents required (up to 2 mA) during sampling. Inadequate
bypassing may cause sampling inaccuracy and crosstalk
between adjacent channels. The absolute value of the voltage
references should match and track each other to prevent
asymmetry in the analog waveforms. The recommended
reference value is $3.0 V. Increasing this leveli may in-
crease harmonic distortion in the CODEC, while decreasing
the references will lower the system dynamic range.

The sync puises to the decoder and encoder should be
staggered as in Figure 6. The sync to the decoder precedes
the sync to the encoder by one haif of a clock period to
allow for the delay times which can occur if the sync puise
is derived from the clock. If all syncs and clocks are
coincident without delay, then the staggering is unnecessary.

All digital inputs will work when driven from TTL logic
providing that the outputs of the TTL gates are pulled up
to the 5.0 V TTL supply.

The sampie rate of the CODEC is determined by the ciock
rate and the period between sync pulses. The minimum

—
< TYPICAL CHARACTERISTICS (Cont'd) i
A/B Signaling Positive and Negative Positive and Negative
Digital Qutput Low Voltage Supply Current Supply Current
[T vs Temperature vs Clock Frequency vs Clock Frequency
Q DF334A DF331A DF332A, DF334A
L] a8 (3]
g [ T T ; weasy 1 1]
& A= 39KQ | y- | “velrs .
k o 3 T Ny : 1: e T : v: ime ;
' i, " ; e E 4o § e0 + —
=1 ™ 2 = z POSITIVE CUARE]
y | 3 : 2 - [0S TiVE CURRENT Z pImea
a 3
S = § s 3 s
< | ¢ 1 i f
. - 'g 03 § ¢ : +
L1 a 2 i N
i g ‘5 ol . ° 0 TTNEGATIVE CURRENT
! e > NEGATIVE CUR 1‘ ! 1
(= 02 28 25 L
9 10 26 30 4 % 80 Y 0 % 10 AL 0 25 30 s 1o 15 20 25 30 s
T - TEMPERATURE {°C) e ~ CLOCK FREQUENCY (M) 1 - CLOCK FAEQUENCY Mre!
Signal to Quantizing Noise Ratio Gain Tracking

vs Input Level
DF331A/DF332A or DF331A/DF334A Pair

. i N
10 +
I Wmer8 YV
~ve-715v]
3 s [ +—+ Ta=28'C _|
g SPEC LIMIT® f
H N ) ' i
x i
s IR N ==y -
E i N
z -02 TYMCAL 1
« 1 . N N ] A‘ T i
o
5 e spec LmiTe ——
U
t—t—F +
-10 - —
— VO |
-% 4 -3 @ -8 50

ViN ~ INPUT SIGNAL LEVEL (08m0}

period between sync puises is 168 clock periods, which 1s
the time that the encoder requires to complete an analog-
to-digital conversion {see Figure 6). The maximum ciock
rate for a functional systemn is 3.0 MHz. The actual sample
rate of the CODEC is equal to the inverse of the period
between sync pulses.

Zero code suppression is included in the A/D conversion to
prevent the transmission of an all zeroes digital output
code, which could cause a repeater 10 go down in a teie-
communications system. Should an all zeroes code resuit
from the A/D conversion (indicating a negative overvoltage
condition), then bit 7 in the data stream is forced to a
logic 1",

Open drain signaling outputs on the decoder allow essy i
interface to logic. The open drain P-channel of the DF332A
allows a pull-down to ground or a negative voltage (Vo @
=7.5 V absolute max) giving logic compatibility with
CMOS or other MOS logic. The open drain N-channel of
the DF334A allows a pull-up t0 a positive supply (e.9.,
+5 V for TTL or up to +12 V for CMOS). This output hae
logic low level near ground making i1t compatible with TTL
or CMOS logic. ’
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T —————

2 APPLICATIONS INFORMATION "4
t ' The CODECs can be put into a lower power standby (<25 £2) and have very low total offset voitage (<5 mV g
¢ condition. For standby, analog ground lines are open at 200 uA current). The VMOS switch shown (VNI10OKM) ’
‘ circuited. Relays or FET switches can be used. Figure achieves these requirements. The decoder 1s not as critical,
1 7 shows one implementation for standby switching. For the  offset voitage should be minimized (<50 mV}. use of a g
} encader (DF331A) the switch must be low Rpgiony  CD40686 CMOS switch is satisfactory. 8
: l »
v >
‘1\ i) 2 3 4 3 1] 7 i) b LRI I I ] 19 e e 1 2 3 4 s L \ 1) , ° ;
!l 1V ‘ 1
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i v
| . °""’-': .v_....r ] §
r . ' ‘ >
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oF3ea OV -
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‘a’l:‘l:l L1 ——-s—l;dl-lt-lh‘.-lI\--JlL--‘H ‘ l :l 1' .g .41 ‘l '
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oF tvenTs | -
on PREVIOUILY CONVEATED. o
L. ANALOQ SaML § mm“ O—
s ANALOG SAMPLING FINISHED | AEADY FOR SYNC PULSE
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APPLICATIONS

Typical Coder/Decoder Circuit Configurations

Tranamit Section Receive Section
: ANMOG ANALOS onTaL A8 oHuTAL | owarta )
« GND W CVAEP -VAEP GO SELECT Y out  CR IYNC I " cx saLscY -¥ - ;l! el U
3 F ! M
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Q 1 gt '
‘ = = L u }
2 u 1
3 12 I
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i1 1 I
S - R e
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W= e | 3umn
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Vpge e *10V 1
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samaL e L ano
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Function

DF331/332 New Companding

INTRODUCTION

The DF331/332 CODEC (coder/decoder) chip set offers
the telecommunications industry an alternative in classical
channel bank designs and a spectrum of application solu-
tions outside of telecommunications.

Being the first commercially produced CMOS A/D, D/A
converters to use a conversion technique incorporating a
binary weighted capacitive array, the DF331/332 offer low
power consumption, 12-bit resolution about zeto and
72 dB dynamic range.

Telecommunications
Historically, the approach to doing the A/D and D/A con-

version of the analog voice signals was as shown in Figure 1.
This approach required the use of a high speed coder and

/Application of the

Converter Chip Set

Thomas J. Mroz

decoder sampling at a 24 x 8 KHz rate for a 24 channel
system. Because of analog multiplexing and demultiplexing
this system was susceptible to crosstalk problems. Intro-
duction of the Siliconix DF331/332 converters offers the
channel bank designer an alternative system which teplaces
the high speed. high cost converters previously required
with a low speed, low cost, high performance per channel
LSI circuit. In this new system (Figure 2), each line of
analog voice is individually coded or decoded by a dedi-
cated converter. Multiplexing is now done after coding
and demultiplexing on the receiving end is done prior to
the D/A conversion. This approach virtually eliminates
crosstalk between adjacent channels. Filter type, posi-
tioning and number remains the same as in the shared
converter systems.

r- GAIN
! * GM SPEE
Lowsass G st DiGITAL
i FILTER [0 COMPRESIING = raunk
ANALOG
] s
—
Fnom
Aaroa OTHEN { g MUX
CHANNELS
TWINE CABLE uve
I GaN
“iGH PEED
LOW-PASE IGITAL
: mren [ EXPANDING 9= rruk
ANALOG
| en [ Ot
10 QT
) cuanmeLs § ]
LOCAL EXCHANGE
PCM in Existing Systeme
Figurs 1
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AN77-4 (DF331/DF332)

Coding and Decoding

The u-255 law, which is currently is use in the U.S., defines
the transfer characteristic to be used in doing the analog
(voice) to digital conversion in a telecommunication chan-
nal bank. The u-255 law itself is defined by the equation.

In{l +uixt)

Fix = SS“ x) In(l+g)

where u = 255.

Actual representation of the equation is done in a piece-
wise linear fashion. Thus, the transfer curve 1s comprised of
16 sections called chords, each of which contains 16
discrete steps (Figure 3). Decoding (Figure 4) is accom-
plished by implementation of the inverse transfer charac-
teristic.

Pulse code modulation (PCM) is the method by why
information is transferred between sending and recemving
channel banks. The output of the A/D converter consists of
an eight bit digital word which is the resultant of an anaiog
sample. Sampling occurs at an 8 KHz rate while data trans.
fer is done at 1.544 MHz. Maximum sampling frequency
for the DF331 is 16 KHz when using a 3.088 MHz clock
frequency.

Digital output of the DF331 is structured as a sign bnt
+ magnitude (7 bits) word. Of the 7 bits following the
sign the first three are dedicated to chord selection while
the last four indicate which of the 16 steps within each
chord contains the analog sample.

Decoding with the DF332 can be done at up to a 32 KHz
rate while still using a 1.544 MHz clock.

10w PASS
FILTER

LOW SPEED
SAMPLER
L]
COMPRESSING
ao

DIGITAL OIGITAL

—e

wx TRUNK

CHANNELS

arnow {::
—

LOW PASS
FILTER

jo——v EXPANOING

LOW SPEED

[-77%

oitaL Lo O1GiTaL

ADVANTAGES
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Non-linearity of the transfer characteristic results in a
nearly constant signal to Quantizing Noise (S/Nq) ratio over
a wide range of analog voice amplitudes (Figure S). Thus,
in telephone applications, makes possible 2 high degree of
intelligibility when someone is speaking softly or very
loudly into a phone. A linear transfer characteristic would
result in a constant decay of voice quality as signal levels
decreased.

A/D, D/A Conversion Algorithms

Actual conversions (A/D, D/A) are accomplished through
the use of capacitive arrays on board the DF331 and
DF332. For purposes of this discussion the array which is
used to determine the chord in which the sampie lies will
be called the X-array. Steps are determined by a second
array called the Y-array. The X-array contains 256 capaci-
tors which are connected in a binary weighted fashion.
The Y-array contains 16 capacitors connected in a like man-
ner (Figure 6). Care was taken in layout to minimize edge
effects which could cause mismatch between these capaci-
tors. Top plates (metal) of all capacitors are common and
are connected to one of the inputs of a comparator. The
other comparator input is anaiog ground. Bottom plates
of the capacitors of the array can be switched between
VIN. +VREF. —VREF and ground. Principle steps in
doing an A/D conversion are:

. Acquire sample.
Determing sign.
. Determine chord.
. Determine step within the chord.
. Load output shift register.
. Reinitiate the system and return to sampie mode.
. Qutput data (digitat).

N AWV a W e

Dunng sampling the top (metal) plate of the capacitor
array 15 connected to ground. The entire array is then
charged to the input signal voltage via an analog switch
After sampling 1s complete, the switch grounding the top
plate of the array is opened and the bottom plates of all
capacitors are switched to ground. The top plate. being the
input 10 a comparator, now has —VIN as a voltage Sign of
the input is determined by examining the comparator out-
put.

Upon determination of the sign the selection of the appro-
pniate reference is made. Chords are now selected by
throwing the switches at the bottom plates of the capaci-
tors, in @ successive approximation manner, to the reference
chosen while monitoring the comparator output.
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AN77-4 (DF331/DF332)

During these steps the voitage at the top piate of the array
is defined by the equation:

Ca

= X V-V
CA+Cp r IN

Vo

where CA is the equivalent capacitance being switched to
the reference and CB is the equivalent capacitance remaining
switched to ground. Since the capacitors are binary weighted
Cx8 equals 128 Cx. As an exampie then, if Cxg was
switched to the reference, the comparator would see,

128 Cx

128
—_— X V- VINOT — x V[ -V
8Cx+127Cx 1 INOr g xYrm YN
which also indicates that the reference will be the same in
polarity as the sampie. The comparator output not changing
after switching Cxg would indicate that the sample lies in
the 8th chord

Step value is determined by switching the X-array capaci-
tor indicating chord from the reference to the Y-array
buffer output. Successive approximation techniques are
again used to develop a step voltage. A fraction of this
voltage, as determined by the X-array, appears at the
comparator nput. Transitions of the comparator output
are monitored until the step value is determined.

EEE——
After these determinations are made, the 8 bit binary worg
corresponding to the switch positions is loaded into
output shift register. The entire conversion system is they
reinitiated and goes into a sampling mode.

The next sync pulse presented to the encoder transmits the
previous data and starts the sequence over again.

General Considerations When Using the DF331/332

When using the DF331/332 in communication systems it ;5
necessary to bypass certain pins to ground to reduce noue
injection into the converters which could be detrimenty
to system performance. Figure 7 shows suggested externaj
components to be used on a D3 channel bank card. Impor.
tant to note, is that references are bypassed to analog
ground rather than digital ground. This prevents digital
noise from being coupled into the reference pins. Analoy
ground must be connected to digital ground at some
point. It’s preferable that this point be at the supply or
near, to prevent current flow through the analog ground.

which would introduce offsets and noise at the analog'

input. Decoupling of coders and decoders 1s accomplished

with the 5O 2/20 uF networks in sernies with the supplies

and the 1K/10 uF networks in series with the references
This circuit is typical of a D3 channel having an 8 KHz
sample rate.
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APPLICATIONS

Circuits for various bandwidth requirements are shown in
Figures 8, 9. 10 and 1. There exists several ways of
achieving bandwidths wider than the 4 KHz required for a
D3 channe] bank. Most obvious 1s a simple doubling of the
clock frequency which allows a doubling of the sample
rate. Therefore, a 3.088 MHz clock enables the use of a
16 KHz sample rate. The higher clock rate can prevent the
use of CMOS in external circuitry, however, and the circuit
of Figure 8 may become more economical from a power
stand point. This circuit incorporates the 1.544 MHz, or
slower clock rate by using multiple coders which are

alternately sampling to accomplish 2 16 KHz sample rate.
This same technique can be expanded to perform a 32 KHz
sample rate while needing only one decodes, Figure 10, to
perform the D/A conversion. This is possible since decoding
takes roughly a quarter of the ume coding requires. Time
for coding and decoding is directly related to a fixed
number of clocks. Therefore, doubling of the clock fre.
quency enables the use of a sync pulse rate twice as rapid as
previously used. A minimum clock rate of around 700 KHz
sets the fower limit for data transmission. No such limit
exists for sample rate, however.
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Serial to Paraliel sad Parallel to Serial Data Conversion

Often when interfacing external logic to the DF331/332,
it may be advantageous to convert to a parallel data {ormat
after coding and to a serial format again when injecting
data into the decoder. Figure 12 shows a simple 8 bit
serial to parallel converter allowing easy interfacing asyn-
chronously to systems requiring the 8 bit parallel format.
During sync, data is being updated, therefore the sync
output can be used as a dats ready output. A single IC

0F3Y

plus a couple of extra inverters is all that is needed to con-
vert from paraile] back to the serial format as shown in
Figure 13.

Interfacing to an 8 bit microprocessor is accomplished
neatly using the previously described circuits as shown in
Figure 14.
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AN77-4 (DF331/DF332)

Anaslog Demultiplexing of the Decoder

Some applications may require the use of a single decoder
to decode more than one channel of information. [f this is
$0. it is necessary to insert a dummy sync pulse between the
two channel syncs to reduce crosstalk. At the time of
dummy pulse the digital data should remain at all “1"s
condition. Figure |5 shows the basics of such a circuit
along with required waveforms.

Servo Control Systems

Servo control loops offer an interesting application area in
which the DF331/332 can prove useful. Since digital infor-
mation is nearly immune to environmental noise, it is
advantageous 1o convert to digital before transmitting data
from a remote location to a control center. Figure 16 shows
a microprocessor based servo loop and focations of the
DF331/332 ICs within the loop. In this case the summer, to
determine an error voltage, and the-DF331 form the A to
D section of the remote station. The DF332 plus integrator

DIGITAL SYNC COMMAND
DATAIN o smc‘_G—_—o FOR DECOOE
AECONSTRUCTED
—_— vOICE
ofaz r B TTen A
1
1 544 MMz ANALOG I

tockO—¢ex  ourf

R A n
FILTER FORA DECODE
I s e g NS |
I |

form the D to A conversion upon receiving data from the
central control station.

Advantages realized in a servo control loop employing the
use of the DF331/332 include:

1. Digital data transmission from and to remote sites.

2. 12 bit resolution with 8 bits of data when resolving error
voltages.

3. Wide dynamic range of coder and decoder allow wider
breadth of feedback voltages and integrator input
voltages.

4. Use of the MPU to change response characteristics of
the loop based on inputs from feedback as well as exter-
nal sources.

This basic configuration could prove useful in many appli-
cations where varying loop response characteristics is
desirable to accommodate varying situations.
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Peripheral Circuits

Circuits which may prove useful when evaluating the
CODEC set are the +7.5 V and *3.0 V regulator circuits
shown in Figures 17A and 17B. In general, the 7.5 V
supplies should be of a 10% tolerance nature. Reference
supplies should be matched to one another to within 1%.
Absolute value of the references and changes of the absolute
values will be reflected by a gain change. The regulator
shown in usable for powering 24 CODEC channels simultan-

5V

eously. In most applications outside of telecommunica-
tions where signal to distortion ratio requirements are less
stringent, simple three terminal regulators may be used
in developing supply voltages.

References may be supplied by using the resistor — constant
current diode configuration shown in Figure 18.
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Sync generation can be accomplished by using the circuit
in Figure 19. This is basically a divide by 24 of the clock
input. The R/S flip-flop comprised of IC3 synchronizes
the sync edges to the rising edge of CK. The D flip-flop
following the R/S flip-flop delays the sync to the DF33t
by a half clock. Thus, the proper sync/clock phase relation-
ships are established for both coder and decoder. It is also
possible to create additional sync pulses by shifting the
previously generated syncs through a shift register being
clocked by the system clock and clock.

Offset Voltage Adjustment

Some applications may require zero input offset to be
present at the coder. While the input offset of the coder
is small (< 5 mV), the remaining offset can be zeroed out
using the circuit of Figure 20. It is possible to inject small

cLock
INPUT &

14
ALY e 1C,
«

voltages between the analog ground and the digital ground.
AC coupling the analog ground to the digital ground allows
biasing of the analog ground by the 10K pot. This approach
maintains analog input impedance and adds no degrading
effects to the signal to be processed or the coder itself.

CONCLUSIONS

[t’s quite apparent that the information presented herein 1s
generaily an overview of the DF331/332. Applications not
covered include audio delay lines, audio reverberation
circuits. remote data acquisition and transmission and many
others. The DF331/332 offers advantages over other
CODEC circuits being presently manufactured by allowing
system designers a new breadth in designs which reduce
component count, cost and general system complexity
while improving important system parameters.
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Design Aid

Evaluation Demonstrator with
the DF331/DF332/DF334

INTRODUCTION

The Siliconix CODEC (DF331/332) requises few external
components to achieve per channel digital encoding of
telephone voice signals. This design aid details the design
and evaluation of a lab demonstrator for the CODEC set.
Included in the demonstrator are the voltage references
and the synchronization circuitry which is necessary to
encode and decode a single voice channel. The encoded
output of the DF331 encoder is simply applied to the
digital input of the decoder. This allows an easy functional
test as well as characterization of a CODEC pair.

Figure 1 shows the schematic details of the encoder and
decoder with the voltage references and supply bypass

 : 4
Siliconix

to Build a CODEC

elements. The £3.0 volt voltage references are achieved
by running a 430 pA current from a constant current
diode (CR043) through a resistor with a trim pot for
fine adjustment of the reference voltage. The references
are bypassed with a 10 gF tantalum capacitor to supply
the peak current (up to 2.0 mA) required by the CODEC
during sampling. The digital output of the encoder (DF331),
being an N-<channel open drain output, requires a 1K Q
pull-up resistor.

The analog and digital grounds are pinned-out separately
on the CODEC, and should be tied together at the power
supply ground.
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DA78-1 (DF331/DF332/DF334)

Figure 2 shows the clock and sync generation circuitry

which provides timing for the CODEC. The clock s a basic
3.gate CMOS clock with RC values set to achieve an
approximateiy 1.5 MHz clock rate The sync generator
essentially divides the clock by 193 to provide a sync pulse
which 1s eight clock periods wide and is applied at an 8 kHz
rate. (Note that 1.544 MHz divided by 193 equals 8 kHz.)
Figure 3 shows the relationship between the various wave.
forms generated by the sync circuitry, as well as the rela-

€XT CLOCK
T BUFFER CLOCK
outeuY

78 voc

tionship between the sync, clock and digital data vutpy;
of the encoder.

The sync waveform to the decoder (DF332 or DF334)
advanced by one-half ot a clock pertod to allow for propa.
gation delays which occur 1n the CMOS sync generatgr
Without advancing the DF332 sync, it 1s possible 10 lose
the most significant bit in each data word, which resuits
1n a loss of the sign bit in transmission.
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Evaluation

This demonstrator allows simple evaluation of the CODEC
set. A £7.5 V (£10%) lab supply is applied to the CODEC
and sync circuitry. Analog and digital grounds should be
kept separate until meeting at the power supply ground to
avoid ground loops in the analog portions of the board.
Voltage references should be adjusted to 3.0 volts. Mis-
matched voltage references will cause asymmetric wave-
forms, giving rise to harmonic distortion. References should
match to within 0.1 volts.

To look at the digital bit stream, the oscilloscope should
be synchronized to the sync pulse of the DF331. The
encoder output is seen at pin 14 of the DF331. Applying
a slowly varying DC level to the analog input of the encoder
allows observation of the changing data stream. The corre-
sponding analog voltage levels should appear at the decoder
(DF332) output.

For evaluation of voice or music signals, an anti-aliasing
filter must precede the analog input and a filter which
compensates for the sampling frequency characteristics
must follow the decoder output. These filters should cut
off before 4 kHz, which is one half of the sampling fre-
quency. They are typically Sth order elliptic low pass
filters.

The maximum peak signal swing through the CODEC is
equal to the value of the voltage references. The CODEC

will function with references as low as +2.0 volts and as
high as *4.0 voits. Lowering the absolute value of the
references compromises system dynarmic range whie
raising the absolute value of the references increases the
harmonic distortion of the system.

Timing of the CODEC System

The CODEC system timing 1s controlled by the sync puise
Figure 4 shows the encoder (DF331) timing relationship
between the sync pulse, the analog sampling time. conver-
sion time and encoded serial digital output. As shown, the
rising edge of the sync pulse starts the senal output of
data, starting with the MSB of the 8 bit code (the sign
bit). This rising edge of the sync pulse also starts a 24 clock
countdown for sampling of the analog signal input (the
sampling starts immediately after the previous conversion 1s
completed). At the end of these 24 clocks. the analog
sampling is completed and the conversion cycle begins.
168 clock pulses after the sync rising edge. the conversion
will be completed and the internal registers will have
the encoded data ready for output. The Encoder (DF331)
will now go to the analog input sampling state until the
next sync pulse. At the rising edge of the next sync pulse,
the digital encoded data will be serially shifted out on the
output pin. The sampling conversion process tor the next
analog input starts again.
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DA78-1 (DF331/DF332/DF334)

COMPONENT LAYOUT

S I 1= T VR GNP P - |
J1 COMNECTS THE INTEANAL CLOCK TO CIACUIT
J2 CONNECTS THE EXTERNAL CLOCK TO CIRCLIT
23 CONNECTS THE BUFFER CLOCK OUTPUT (-6} TO BNC
J4 CONNECTS THE EXY CLK. INPUT TO BNC
25 CONNECTS TME 332 SYNC OUTPUT TO BNC
2 CONNECTS THE 331 SYNC OUTPUT TO BNC
J7 CONNECTS THE DIGITAL MONITOR OUTAUT TO BNC
2 CONNECTS R7 TO IC(B) PIN (14)
A CONNECTS A1 TO [CIT) PIN (8)
410 CONNECTS RS TO (C(8) #IN (13)
JV1 CONNECTS ANALOG INPUT TO 88C
112 CONNECTS ANALOG OUTPUT TO BNC

PC BOARD FOIL PATTERN

DF331, DF332, DF334 CODEC Demonstrator
Foil Pattern, Component Side of Boerd

|
|
|
_
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PC BOARD FOIL PATTERN (Cont'd) g
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PARTS LIST o
' 2
DEVICE VALUE SUGGESTED MANUFACTURER 0
‘ RI.R2 39K Q 1:4 Wan 5 Tolerance Allen-Bradley 3
1 ' R3. R4 R6, R7 SO 1 4 Watt 3 Tolerance Allen-Bradiey g
' RS 1K £ 1/4 Wart 5 Tolerance Allen-Bradley -]
H RE.RIO 56K € U3 Watt 5% Toterance Aflen-Biadley a
‘ R9.R11 25K Q Pot CTS (X201 Serres 2
C1 30 pF Disc Mylar Capacitor Sprague a'
Cc2 ¢7 0.01 uF Disc Ceramic Capacitors Sprague :
cs-C1l 20 wF « 25 WV Electrolyic Capacitor Sprague “
C12.C13 10 uF @ 25 WV Electrolytic Capacitor Sprugue _
D1.D2 CRO43 (Current Regulator Diode) Sicomx
IC1.IC6 74C04 (Hex [nverter) Natwonal
A Ic2 74C74 (Dual D Flip/Flop) Natwonal
- 1C3.1C4 74C 163 (Bmary Counter) Nuattonal
' IC5 74C00 (Quad NAND Gate) Natsonal
1IC7 DF 331 {CODEC Encoder) Sthicomn
IC8 DF332 or DF334 (CODEC Decuder) Sthcnns
Misc 26 Gauge Wire, BNC Connectors. IC Sockets, Non-Insulated
Banana Jacks. Stand Ofts, PC Board
CONSTRUCTION HINTS
The printed circuit layout included is for a double sided to adjust the references to +3.0 volts. The digital bit stream
board. Foil patterns are shown with the foil side facing the may be viewed by triggering an oscilloscope on the DF331
reader. The stuffing diagram is viewed from the component sync pulse and connecting the data monitor output to the
side. scope input. The demonstrator may be clocked by an ex-
ternally generated clock if desired. Connect jumper J2
OPERATION (only) for external clocking; connect J1 (only) to use the
internal clock.
The potentiometer R9 adjusts the negative reference voltage
and R11 adjusts the positive reference voltage. Use a DVM

S RS sl s MR Qo wituass - - -

© 1979 Siliconix incorporated
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T |
Siliconix

Considerations for the Proper
Filtering of Analog Signals in
DF331/DF332/DF334 CODEC
Converter Applications

INTRODUCTION

The practical use of CODEC’s in telecommunications and
audio systems requires two low pass filters, the transmit
and receive (Figure 1). The transmit filter in telecommunica-
tions nomenclature performs the anti-aliasing (frequency
folding) function. The receive® filter smooths the discrete
sample voltages of the regenerated audio (voice) signal.

In order to understand the filtering requirements of the
CODEC A/D-D/A system, a statement of the sampling
theorem is in order:

*S called interpolation filter in tel

Wait Heinzer

“If a signal (voice, audio) that is bandlimited is sampled at
regular intervals and at a rate at least twice the highest
frequency in the band, then the samples contain all of the
information of the original signal™.

When the CODEC’s (DF331/DF332/DF334) are used in
telecommunications systems the sampling frequency (fs) 15
set at 8 kHz. This implies that the maximum voice signal is
limited to 4 kHz. The transmit filter is necessary to limut
the input voice signal. For the 8-bit companding converter

TRANSWIT

ANALOG | ewren

~- RECEIVE
e FILTER ANALOG OUT
Filvers Used in o CODEC System
Figure 1
© 1979 Siliconin incorperers
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approach, 14 dB of attenuation at 1/2 the sampling fre-
quency, reduces frequency folding (Figure 2). However, a
guardband is introduced on the voice signal typically
resulting in a maximum usable frequency of 3.5 kHz. The
receve filter smooths the discrete voltage samples of the
regenerated signal. At the same time this f1lter corrects the
san xixt frequency response introduced by the CODEC
sampling system back to a flat bandpass by applying an
x/sin x transfer charactenstic (Figure 3).

The exact specifications necessary for the transmit and
receive filters are determined by the application. For the
telecommunication industry the frequency and phase re-
sponse characteristics are more precisely defined. D3 and
D4 channel bank specifications define the overail voice-in,
PCM. voice-out frequency and gain response requirements.

nf

*In telecommunications fy = 8 kHz implies x =
8 kHz

Some of the more important specs are listed in Table |
which is excerpted from “D3 Channel Bank Compatibility
Specification—Issue 3" Oct. 1977 [4].

For audio and transducer applications it s important to
consider sufficient filtering to avoid frequency tolding and
gamn errors due to the sampling theorem. As a rule of
thumb the passband of the transmut filter shouid attenuate
the input signal by at least 14 dB at 1/2 the sampling
frequency and by at least 30 dB at the sampling frequency.
Remember that the DF331/DF332/DF334 can be vperated
at clock frequencies up to 3.088 MHz which results in a
maximum sampling frequency (f5) of 16 kHz. This is useful
for extended bandwidth applications. The same guidelines
of filter attenuation apply at this sampling frequency.

L3
Ginx CORRECTION

APPLIED BY FILTER

TO OBYAIN FLAT
BAND OUTPUT
RESPONSE

ANALOG

N
AFTER TRANSMIT - - i
FILTER N

——

FINAL OESIRED -

AFTER
SAMPLING

-

23

2

<

>

F 3

o

° OQUTPUT ELAT BAND

e E

-

>

2

<

<

H

z s'_:' RESPONSE

3 OF DFI32
DECODER

1 2 3 4 s e78

RECEIVE FOLOOVER QISTORTION
FILTER CAUSED BY IMPERFECT FILTERING
F Sp InasS ing System
Figure 2

KMz}
Effect of Sempling Theorem on

Output Gain Versus Frequency
Figure 3

Importsnt Gain vs Frequency Requirements
for Telecommunications D3 Channel Benk

Tabile |
FREQUENCY TRANSMIT FILTER RECEIVE FILTER
60 Hz <-20dB N/A
200 Hz >-1dB >-1dB
300- +0.25 dB . .
3 kH7 -0'50 4B } Passhand Ripple Same
34 kHz >-15dB Same
<0dB
4 kHz < -14dB Same
4.6 kHz < -32dB < -28dB
© 1979 Siliconix ncorporatea
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It has been shown \n AN77-4 that the bandwidth can be
increased by using muitiple encoders (DF3317s) to achieve
bandwidths approaching 8 kHz (fs,g = 16 kHz) and 16
kHz {fsop = 32 kHz). The filtering requirements (Figure 4)
necessary to prevent fold-over are the same as the single
encoder case when the new effective sampling frequency
(fsgpp) 15 used.

IMPLEMENTATION

Now that we have examined actual filter requirements—
what is the correct filter implementation? There is no exact
answer. however, 1t 1s worthwhile to look at a summary of

some of the major filter salient features on a comparson
basis.

Simple Filters (Single Pole, Double Pole)

These filters are realizable in R and C's with op amps or |
the traditional approach of L. R, and C’s. Inductors are
avoided in low frequency applications due to size, cost,
and non-linearities. The frequency characteristics and
example implementations are shown in Figure S. Note
that each pole contributes —20 dB/decade in roll-off
between the passband and stopband. When these filters
are used with the CODEC’s they severely limit the usable
flatband bandwidth.

B
T
i34
. 4] anarog {14 1548 MMz
anaroc " BUFFER THANSMISSION RATE
INPUT
FILTER ] anaLog
o= GND. 12§ us
DFIN = ]"_ s _‘[
- s A 1Y) vi
teL ok Uex  svac senca SYMCA =
-V sYynce M
7
1 s T —
ey TRANSMISSIONS .
15 ot
]
v
&) ANAL 14
=N oc GNO PINS 1 2.10. 1
YREE PING
-V NS
3l anarog e
GND
oFIN
®
1848 Mver Den svnc 20 svac s
-V
— i
116 CDAG0Y
€ S1sy
Figure &
\
p—0 VO v
L
[
%
LR
3
?
=
1
|
® i
“ - 20 08/0€COOE ' 40 48/D8C00E
|
I
1, ! L 2
< ac <" JRTHTEY R
Single Pole Filter Double Pole Filter
Simple Filver implomentstiom
Pigure §
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Higher Order Filters (3rd Order and Higher)

Butterworth filter is consideted the maximally flat filter
in the pass and stopband as shown in Figure 6. You are
giving up sharp cutoff frequency when using this imple-
mentation compared (o the next two approaches. This
filter has all zero's at infinity.

Chebychev filter trades flatness in the passband for sharp
cutoff at f¢. It can be shown that the Chebychev has the
steepest descent into the stopband of filters constructed
with all zero's located at infinity. This filter approach is
used in the evaluation filter that follows.

Elliptic filters obtain the steepest slopes into the stopband
by positioning their response zeros near the passband. The

N

zeros cause the lobes in the stopband (Figure 6). This ap-
proach does meet the stringent requirements of a D3
channel bank in the telecommunications industry. Element
value tolerances are the most critical in elliptic filters. As
a general rule, the more complex the filter calculations
become, the tighter the required component tolerance.

The filter approaches listed are traditional approaches that,
at best, must be constructed as hybrid circuits with precise
laser trimmed resistors. A monolithic integrated circuit is
out of the question as a manufacturable approach using
traditional resistors, capacitors and inductors due to the
precision requirements and large component values.

1. FREC
Butterworth Maximaeity
Elst Aesponse
ETI
THAN QUTTERWORTH EFPECT OF
AT EXPENSE OF ZEROS NEAR
AIPPLE IN PASSSAND PASIBAND
e FREQ I FREO
Chebyehev Filter Elliptic Fitter
[~ . h, Ch & ENtigtie Filter Responees
Figure 6

© 1979 Siticonin incorpersted
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EVALUATION FILTER

In most applications outside of telecommunications the
filter shown in Figure 7 will provide good performance in
intertacing the CODEC to different transducers (e.g. stran
gauges, audio pickups. accelerometers, etc.). The filter is a
6th order multiple feedback filter whose design is outlined
n reterence {1]. It s an all-pole filter (zeros all at ®) which
results 1n no lobes in the stopband

The choice of this filter and components was made on the
following critena.

| The overall teedback from all three stages reduces the
sensiivity to component tolerance compared (o the
2-pole per stage cascaded approach.

te

. The 6th order response results in =9 dB attenuation at
one-half f5 and —45 dB attenuation at fg adequate for
both the transmit and receive filter locations.

3. When this filter 1s used in the receive position (output
ot DF332) it does not compensate for the cutoff fre-
quency attenuation introduced by sampling (sin x/x
effect)

4+ The choice of LF356 op amps was made for their high
input impedance (minimum circuit loading), low output

impedance (ability to drive capacitive loads) and wide |
bandwidth. |

3. The effective output impedance of this filter adequately
drives the input sampling current requirements of the
DF331 encoder.

The gain and phase versus frequency response of the filter
is shown n Figure 8. An HP357SA gain-phase meter was
used for this measurement.

REFERENCES

| D. Johnson, Rapid Practical Designs of Active Filters,
Wiley 1975.

. Technical Staff Bell Telephone Laboratories, Trans.
mission Systems for Communications, fourth edition,
1971.

3. P. Geffe, Simplified Modern Filter Design, Hayden, New

York. 1964.

4. The D3 Channel Bank Compatibility Specification—Issue
3, Oct. 1977. Technical Advisory No. 32 (This informa-
tion is assembled by AT&T for distribution to non-Beil
companies. It represents current plans and is subject to
subsequent change.)
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Designing with codecs:
know your A’s and p’s

Nonlinear coders/decoders, or codecs, require your familiarity
with framing, synchronization and signaling. Here’s a brief intro.

Thomas } Mroz, Siliconix Inc

When designing telecommunications circuits
using nonlinear A/D/A conversion, you'll choose
from parts that conform to either the Bell
Telephone-specified u-255 Law or the CCITT
({International Telegraph and Telephone Consult-
ative Committee)-specified A Law, if you want to
guarantee compatibility with other systems.
While the first sees wide usage in North America,
most of the world uses the second. These
conventions govern the same basic operation—
analog signal expansion and compression—but
differ in their data formats. The differences
become apparent upon examination of channel-
bank concepts.

Channel banks translate voices into bits

Today’s phone systems employ mazes of
switches and filters for both analog and digital
signals. One small part of these complex net-
works, the channel bank, transforms analog voice
signals at a local exchange into easily transmitted
digital signals. It's then easy to compress, trans-
mit and repeat these digital signals in cable and
microwave transmissions.

Circuits termed coders sample the analog voice
signals generated by user phones, convert them
to digital bytes and shift them serially out of the
channel bank. On the receiving end, decoders
accept these bytes and recreate the analog voice
signals initially generated by the phone user. The
term codec applies to a complete coder/decoder
(A/D/A) set.

Channel banks, located in telephone-company
central offices, use codecs to handle many
phones, encoding analog voice sig.:als into serial
data streams for transmission to various receiving
banks. One bank can also decode incoming calls
and redistribute analog voice signals to user
phones (Fig 1). Both codecs and channel banks
follow specifications in the u-255 Law or the A

& aNALOG

Law that not only govern transter characteristics,
but also define formats for framing, synchroniza-
tion and signaling.

Pulse-code modulation (PCM), the technique
channel banks employ to transmit and receive
information, allows them to sample analog inputs

— ThuwK
2WIRE CABLE 4
GAIN 7]
' - HIGH.SPEED i
a -ﬂ COMPRESSING 1
FILTER AD !
ANALOG i
SAMPLER, '
» ]
FROM ’ mux H
OTHER — :
CHANNELS l_,‘ '
|
LOCAL EXCHANGE :

L-------\ ANALOG

DIGITAL
TRUNK
oy

MIGR-SPEED J
-1 EXPANOING
DIA

ANALOG
DEMUX

TO OTHER ¢
CHANNELS [
b

LOCAL EXCHANGE

Fig 1—Most existing phone sy apleying pulse-code
modulstion (PCM) use just one high-pertormance data
converter in the transmitter (a) or receiver (B). Muitiplexers
make these converters available 1o all the channels the
exchange handles. tn these diagrams, 2 hybnd 1s a device that
converts 2.wire phone signals 10 4-wire signals, thus eliminat-
ing crosstatk between incoming and outgoing data.
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at a fixed rate and then perform an A/D conver-
sion that quantizes the sample into an 8-bit
sign-plus-magnitude word.

Coder and decoder nonlinear transier charac-
teristics (Figs 2, 3) maintain relatively constant
signal-to- distortion (S/D) leveis over a wide range
of analog input levels. Because the channel bank
compresses high input levels and expands low
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fig 3—The A Law transfer characteristics for coders (a} and
decoders (b) reduce the number of chords required in 1u-255
Law curves by making chords near the origin colinear. Note
that values listed in p: hy are the corresponding u-255 L

Law values.

levels, a person speaking softly into a phone is
nearly as intelligible as someone speaking loudly.
Thus codecs are termed companding A/D/A
converter sets.

How do the . Law and A Law differ?
The u-255 Law and A Law differ fundamentally
in the transfer characteristics associated with their
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Fig 4—Logarithmic pression ch. istics for the .-255

Law equation show that u =0 corresponds to linear operation:
large u values provide increased compression.

A/D and D/A conversions. The equation

In (1 + ulx])

Fix) = Sgn (x) i+

defines the u-255 Law (where u=255). A coder’s

A/D converter approximates this equation, while

a decoder approximates the equation’s inverse.
Two important equations apply to the A Law:

1 + Iog,9A|x| 1
= —=
Fix) = Sgn (x) T logis A for = Ix| =1
1

for 0 = |x} = —

Fix) = Sgn (x) ry

X
1 + logy A
where A=87.6.

Examining the 1-255 Law equation. you can see
that u =0 represents a linear conversion; increas-
Ing u increases the converter's nonlinearity or

7 OIGIT CODEC S/D AATIO (uB}

0 —-
~80 -50 -40 -3 -20 -10 0
1NPUT SINE WAVE POWER (08 RELATIVE TO FULL LOAD SINUSOID)

Fig 5—Signal-to-di ion perf of logarithmic com-
remains fairly linear tor low-power signals indepen-
dent of the value ot u

compressing charactenstics (Fig 4). Fig 5 ilius-
trates the ability of nonlinear converters to
maintain tixed S/D ratios over wide dvnamic
ranges.

Actual devices such as codecs approximate
these equations in piecewise linear tashion. The
8-bit digital code has a sign bit, three bits tor
chord selection and four bits tor step selection
within the chord. Thus the u-255 Law uses a
15-segment approximation (16 segments it you
break the line through the ongin in half). The A
Law, on the other hand, combines the two u-255
Law chords centered about the origin: making
them colinear reduces the number of chords
needed. Thus the A Law employs a 13-segment
curve.

These differences in chord count reflect con-
version conventions in the first step about the
origin. (Fig 6). The u-255 Law indicates that an
analog input voltage relating to a digital output ot
zero should be half as large as the analog input
span related to the next digital step—called a
midstep condition with a silent interval. The A
Law requires no silent interval and employs a
mid-riser condition where the origin represents
an indeterminate (bistate) digital output. But once
past these first several chord segments, the two
laws are identical.

Channel banks can use difterent circuit contig-
urations to accomplish the same task. In the past,
one A/D/A set encoded many voice channels,
requiring analog multiplexing ot these channels,
along with a high-speed codec. Multiplexing atter
the A/D conversion could greatlv reduce channel
crosstalk, and per-channel codecs such as the
Siliconix DF331/332 make this type of system easy
to construct. Although impiemented with CMOS,
DF331/332's have NMOS open-drain digital out-
puts. Thus, while the per-channel approach
eliminates the need tor an analog MUX, open-
drain outputs tied together eliminate the need tor
a digital MUX (Fig 7). These two factors, eliminat-
ing crosstalk problems and analog multiplexers,
have stimulated much interest in per-channel
codecs within the telecommunications industry.

Frame formats structure multiplexed data

Multiplexing manv analog voice channels after
conversion 1nto one senal data stream requires a
method for svnchronizing transmitters and re-
ceivers, so that channel banks can transmit digital
information in a frame format. Under the u-255
Law, a frame consists ot 24 channels or 24 bvtes of
digital information (Fig 8a), with one data bit
dedicated as a framing bit—a detinition resuiting
in a total of 193 bits/frame. The u-255 Law
specifies that these data bits be transmitted at
1.544M bps.
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Fig 6—1If you examine the first steps of 1-255 Law (a) and A Law
(b} coder transier characteristics you'll see an important
difference: the u-255 Law experiences a midstep condition
with 3 silent interval while the A Law sees a mid-riser
condition. Output coding differences reflect this discrepancy.

The A Law also employs a framing concept, but
with a data-transmission rate of 2.048M bps, thus
allowing enough time to transmit 32 8-bit words
for each frame. Another difference: The A Law
doesn’t generate a framing bit as in u-255 Law
channel-bank systems; rather, it dedicates a
complete channel time slot to framing (Fig 8b).

Although a frame equats the time required to
transmit one byte of data for each channel, still
needed is a way to identify individual channels in
the transmitted data stream. Previous designs
synchronized the analog multiplexers in front of
the A/D in the transmitter to those on the
receiving end. New designs incorporating the
DF331/332 codec set in a per-channel configura-
tion use sync pulses. These pulses, ANDed with a
clock, dump or load output or input shift registers
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Fig 7—Per-channel coding/decoding of voice signals n
new-design channel banks uses inexpensive IC codecs tor
each channel and muitipiexes digital signals tor cable trans.
mission. This technique. simpler and cheaper to impiement
than anaiog multiplexing, also eliminates analog sampiing
crosstalk.

that reside on the coder and decoder. Because
channel-bank transmission-tine lengths varv. re-
ceived data looks asynchronous. Therefore vou
must derive clock and sync signals tor the
receiving channel bank trom the incoming data.

New u-255 Law codec designs must also
accommodate signaling capability. Signaling in-
formation lets the transmitting and receiving
banks communicate intormation such as alarms,
off hook and on hook. and it checks to ensure
that the banks operate in svnc.

Under the u-255 Law, every sixth trame be-
comes a signaling frame: thus the eighth bit ot
every channel carries signaling intormation pre-
sented at that channel. In other words, the bank
performs 7-bit A/D/A conversions during a signal-
ing frame, reserving the eighth bit-time slot for
the signaling bit. By contrast, the A Law uses
reserved-channel signaling, which dedicates to
signaling one entire channel out of the total 32 in
each frame. Thus, signaling frames don’t exist as
in the u-255 Law because signaling occurs in
every frame.




When testing and evaluating channel-bank
pertormance, realize that it's only fair to simulate
human limitations. You can accomplish this
objective by inserting a C-message tilter (Fig 9) in
front of equipment used to test noise and
distortion in the complete A/D/A path. Such
filters simply simulate the human ear’s irequency
response to noise; weighting during measure-
ments guarantees that measured distortion levels
and noise relate directly to human ability to
understand phone conversations.

The three most important codec specs

All new designs aimed at upgrading systems
share a common goal: to meet or exceed existing
specitications. Codecs face pressure on three
important specifications: S/D ratio, idle channel
noise and gain tracking. These specs will make or
break new codec designs.

Because ot codec nonlinear conversion tech-
niques, the specifications generally appear as
functions of input power ranges. Signal-to-
distortion figures simply give the ratio of the
signal power to the distortion power created by
quantization errors and internal noise (Fig 10a).
Thus. specs for S/D ratio cover the fallowing
Input power ranges:

P. =0to -30dBmo

=~30to -40 dBm0

=-40 to ~45 dBmJ0.
As a reterence level, 0 dBm represents a 1
mW test tone, and the term dBmO refess to
relative power at the input. As an example,
consider a transmission line with 3 dB loss to the
end point. You would refer to - 50 dBm of noise
at the endpoint as -47 dBm0. and the line
endpoint would be a -3 dBr point (relative to
input).

Idle channel noise measures the naise power
seen at the receiving end of the system with OV on
a transmitting channel’s input. The last spec of
interest, gain tracking (Fig 10b), relates system
gain to input power level.

These specifications define a system spec and
1mply that anv new device intended to replace
portions of existing systems must exceed these
ratings by a suitable margin. For S/D ratio, the
suitable term translates into several decibels; idle
channel noise should be as low as possible, but
certainly at least 5 dB better than system specs.

Codecs see 2 promising future

With the introduction of new codec IC's, a new
world of application possibilities arises. In dis-
crete form, these system components formerly
required large areas and substantial investments
in design time, making the cos! of incorporating
them into systems outside of telecommunications
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Fig 8—Frame formats place channel data in preassigned time
slots. The .1-255 Law uses one traming bt every 24 bvtes (a)
with each byte corresponding to data trom one channel The A
Law tormat (b) dictates complete channels tor traming and
signaling data

prohibitive. Now, codecs ot the same quality are
available at costs comparable to those ot other
mass-produced integrated A/D converters. Appli-
cations such as audio delav lines (digital form),
portable communications using PCM, remote
data acquisition and talking computers are be-
coming realizable and less expensive to develop
and produce.

Because parts such as the present codec IC's
arose primarily to serve the communications
industry, their quality and function in other
applications are guaranteed: the telecommunica-
tions industry sets very high standards of accuracy
and reliability. The elimination of adjacent-
channel crosstalk through the per-channel codec
approach leads to major quality improvements in
voice transmission over PCM communication
links.
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Fig 10—Codec IC's must meet performance standards in several important areas. Minimum specs tor S/D ratio (al and gain
tracking (b) apply to both 1-255 Law and A Law systems Note that 3G represents svstem gain measured trom the coder’s input to
the decoder s output and also gtves an analog ratio.

3 Additionally, codec nonlinearity aspects offer References
| some interesting alternatives to linear converters. 1. 8ell Telephone Laboratories, Transmission Sys-
E ! The 8-bit data format covers a 72 dB dvnamic tems tor Communications. Western Electric Co Inc.

; i i 970. pgs 566-583
range (equivalent to 12 bits) and lets you easily 7

. . ] ’ 2. International Telephone and Telegraph Corp,
interface inputs from wide-dynamic-range natural - ¢/ ence Dara for Radio Engineers. Howard W Sams &
phenomena, such as wind speeds or earth- 75 7nc 1963, pgs 2-1.0.

quakes, to popular 8-bit uC's. In voice-synthesis 3. American Telephone and Telegraph, Data Com- |
applications, codecs give computers more realis-  mumcations Using the Switched Telecommumications |
tic voices. Additional codec applications will ~ Network 7970 ; .

result as design information increases. O
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Siliconix

CODEC/Filter Level and Noise Measurements

REFERENCE LEVELS

The overload level (fuil scale} for the CODEC is 3 V peak. All performance measurements are made with respect to this
3 V peak full scale level. For the D3 channel bank, the 0 dBmO test tone level is 3 dB below the overioad level. Since
3 dB below 3 V peak Is

3V {0.707) = 2.12 V peak
or 2.12 (0.707) = 1.5 Vrms,

1.5 Vrms corresponds to 0 dBmO for the CODEC. Most instruments are calibrated in 600 2 but read voltage. Therefore,
a 0 dBm (1 mW) meter reading will be given for an input voltage of

E=/PR =,/10-3(0.6) 103 =,/0.6 = 0.775 Vrms

When reading 1.5 Vrms, the meter will indicate

20 log oLT575 = 2010g (1.935) = 20 (0.287) = +5.74 dBm

Therefore, to convert to dBmO, 5.74 dB must be subtracted from the meter reading. Alternately, 3 5.74 dB att nuator
pad could be inserted in front of the meter to make it read directly in dBmQ.

When using a generator with built-in meter which measures its generator output (such as the HP3551A), one cannot insert
a pad in front of the meter when it is in the send level measuring mode. To get the correct cutput levei one must either
set the indicated generator output level 5.74 dB higher than the desired dBmQ fevel or insert an amplifier which has 5.74 dB
voltage gain at the generator output. This will make the meter read directly in dBmO.

Since harmonic distortion, gain tracking and signal to quantizing noise ratio are a function of signal level, 1t is important
that the above correction factors are taken into account when signals are applied and measurements are taken. Also, noise
measurements in dBrnc must be converted to dBrncQ by subtracting 5.74 dB from the dBrnc reading {unless the pad has
Leen inserted to make the meter read directly in dBrncO). Notice aiso that if there are any other voltage gains or losses
in the signal path, their effect on readings and signal levels into the CODEC must be taken into account
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